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MEANI-NfiFUL-LEARNING- i— — — 

The /^earning How to. Learn Pfograni**\is desigijieci for use in . ' . 
any classroom together ftit'f\ the regular program of instruction. Althpufefr 
the materials in this handbook were prepared for junior high science 

♦ teaches, .they miiSght be Hjsed by teachers at other grade levels arid in 
other subject matter fields. ' ^, . 

f Ta- understand ^hbw to become a better leamer'J students need t(^v 

gain some understanding of (;i) the learning process, (2) the nature 
of knpwl^^e* and (3) how to extract meanings from materials studied. ^ 
This pir^^m is^baSed on Ausubiel's (1978)^ dognitive learning theory 
which places :^mpha's is on the difference betweep- meaningful learning 
arid rote learning. ^In fact, the major objective of tfiis .program is / " 
to help students learn how.>t a . 1 earn me^^inrgfli 1 ly . To acquire knowledge' 

. meaningfully means that the learner must incorporate new knowledge into. ' ■ 

' concepts that the learner already has: Our program is , designed to 
extend, modify and elaborate these concept3> ^partly through providing 

"instruction in new relationships among the concepts ,thsit the student 

• already has*, arid. partly by providing new relevant concepts about . / ^ 
learning. • , v 



THE KNOWLEDGE /V" \ . ^ 

' We have found that students: g^in in their understanding of mean- 
ingful leatning when they acquire knowledge about the knowledge-making 
process. To accomplish, this, we have found a simple device invented by 
^Gowin (1979) to be helpful. IVe" teach students to understand each of* 
the elements represented on Gowin's "V" shown in Figure 1. At the i 
"point" of rthe "V" are objects -and events, - and these occur in the' natural 
world or .are made to octyr by people (as in a- laboratory experiment) . 
At this point, our key conceptual activities come together with, our 
methodological activities. We define a concept as a regularity in 

*A more extensive treatment of the "V" and'^ts accompanying terms can be 
found in section IV in this handbook. ' ^ 
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event? or objects designated by a sign or symbol. For instance, to 



study digestion of starch by saliva, we nieed concepts of, enzyme, starch, 
digestion, maltose, sugar, solution, and others. Students begin to see 
that even to set up a meaninjjful experiment, or to be selective in 
. observing. objects and events, we must use. concepts . * . 



CONCEPTUAL 
THEORY 



PRINCIPLES 



■ } 




METHODOLOGICAL 



KNOWLEDGE CLAIMS 



TRANSFORMATIONS 



CONCEPTS 



RECORDS 



Figure 1. 



/ ^ objects/events . ^ -\ 

Gowin's 'Knowlecige "V"* (1979) used with seventh and eighth 
grade studenjfcs as a heuristic device to help in understandings 
ho\^ knowledgfe is produced in the sciences. 





The V-shape of this device serves to emphasize ^that 6oth*' conceptual 

and procedural or methodological^ elements are brought to bear on objects 

and events in .tHe 'J)rocess Of knowledge production. A "focus Viestion*' 

sprveis to direct " the process of knowledge production. • • 

' * ■ " ■ '•• ■ ' . . . • * ■ • 

Concepts can -be linked together to de(s^cribe a. specific . regularity, • 

such as, "the sun risqs. every morning." This kind of statement br .prop- 

psition is ^ften called a principle. Principles, in tum,vmay be related 

together in broader, more inclusive ideas that we call theories, such^ 

as*, the atomic theory or the theory o'f natiTral selection, \- — 



^ * CcMTicepts, principles, and. theories also guide the methodological 

:cttvTtTel~6~n:7th^^ These" act ivlt 



activities on. ther ri*ght-hand side^^pf the ''V»'. These activities incli^de 
record-making, sucVas gathering instrument readings^^ or notes on obser- 
-yatioris,- and transformations, such as gr^jjjh or chart preparations or 
statistic^J^nalyais, ^ The knowledge claims represent what lias been 
• constructed' through the active interplax^ among the concepts, principles,^ 
and theory we. use and the records and transformations about the events 
^ and objects .we have examined. . - ' , . • / 



CONCEPT MAPPING 



Another device we have found usefur is to have students construct 
concept maps. Concept maps help students Understand that /excepts derive 
their meanings through "connections" or 'relationships with otbiex concepts. 



_QCrAA/;$" 







.^|(4e Co/or- 

<.Une rows <rf • ^*"e«n iioioi-^ ? i t 



|;4o>al Zone 



Figure 2: A Concept . Map of the biome "Oceans," prepared by a group four 
seventh gv^^e students from a section 'of reading, in' t>ieir 1?%t . 



^TdJdefine-a-p,en--a$-. a -w^ — 
to the concepts of "writing" and "instrument." Figure. 2 shows a concept 
map constructed by a group of seventh grade students .from a textbook 
reading on world bioijies. We will discuss the; procedure fo:g^teaching and 
using concept map.s in Section III of this handbook. / - 

In summary, the "L'eaming^How to Learn Program" is designed to be 
used in classrooms to help students understand the nature of knowledge 

^and the nature 'of cognitiVe learning. 
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• O.VERVJEWJ.OF^-IHE_AUSUBELrNOVAK._THEOR-Y.. 

Throughout the elementary scho'ol prograj^^ 'it; is 
to memorize definitions or procedural rules witfiout relating the mean^ 

ings of the words in the 'definitions Or rules to ideas they already 

» t ■ - ' ' " • •*••'■' ' ' ' ■ \ '■ ' ' ' ' ■ 

understand. In fact, students often come to believe' that rote memoriza- 

;. r ' ■ : ^ . ■. ' ^ ' ■ ' 

tion of school information is the only way to learn. As 'teachers , we may 
want to reduce rote learning, but* often find ourselves helplesSi'to achieve 

more .meaningful learning in the classroom. Two majoi"^ reasons for this • 

• ■ ■ " ■ . - ' ■ . ' r ... • ""T' '. r . 
.dilemma are:' (1) the student , is not aware that.-there\is an alternative 

to rote. learning,, arid (2) concepts that are to be learned are presented 

in such a way :as to' encourage rote memorization. - / 

The ifttention^of this section iSf ' the "Learning How to Learn Hand- \\ 

book*' is to provide the student with an alternative to rote memoriza- 

• tjLon by showing him/her^ that - it is mori^ efficient to learn in a. meaning- : 
^ul^way. Further, this section and the^ opes that • follow will provide 

the teacher with <dnformatioil about* how instTUc^on can be organized 

to facilitate meaningful fleamihg ^rij .discourage rote memorization. ' ' 

The. Ausubel -Novak learning theory attempts, to provide a descrip- . 

tion of how learning takes place 'in the learner ^ how the learner 

processes new information, and how' that ^ information 4s stored.'; Already, 

two terms of the Ausubel-Novak theory have been introduced. The first ». 

is rQ,te 'learning. Rote ..learning occurs when* information that is learned 

is stored arbitrarily withiri the cognitive structure* of the individual. / 

In other words,' the new, information or concept has no psychological ■ 

connection -to other concepts and the^ir meanings. Activity #1 in this . 

section iS'^an example 'of information that is learned rotely. If quizzed 

on the meaning o£ the words (concepts) of the Pledge of Allegiance, how 

many students would be able to give adequate answers?" ' 

;The opposite of rote' learning is meaningful learning. Meaningful 

learning occurs w^en the learner is able to link new information 1:0 ' . 

concepts and meanings that s/Ke already has in his/her cognitive structure. 

. , * ■• , ■ , ' ■ *. ." ' ■ . • 

*cognitive istructure is the composite of^ stored knowledge repre^senting 
the concepts, propositions, and other, information learned by an individ- • 

ual ..V. ' ■ ■'• • " * '■ ■• ■ •» 
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In other words, new information to be learned is not taught arbitrarily, 
.but always in relation to what the learner already knowSv 

\ In the' following sections, learning activities are suggested that 
will help students understand the differences between rote and meaningr 
^^^^1 leartiing. Activities #2 and #3 illustrate the difference between 

rote learning and. me^irrgful learning. List #li on page II y^^/ requires 
. that the student memorize, the terms in a; rote fashion. List #2, although 
the same instructions are given, has the concepts arranged in a more', 
meaningful way. that is , they are already organized accprdijig t6 Ice - 
cream flavors, animals, /furnitAire, aiW colors^ While doing^his acti- . 
vity, the .teacher should find that 'the 'group of students with -List #2 
is able to. learn the .lis€ of^Iftenis more quickly than those students with 
: ~~I<,ist #1. Lists #3 and #4 0Ti^.page -II-5, demonstrate the distinction 

•between rote learning ^nct meanfffgful learning is riot always a' simple one. 
List #3 gives the names of a group of flowers; List #4^,gi^^^ 
ical names for parts of a. plant. Whdch one* is /more" meaningful? .Which 
is more rote? . .. . , 

Activities #3, #4, and #5 will demonstrate the use of prior experi- 
ences and knowledge to provide the brgarii zing links that make new 
. information more meaningful. Activity #4 does this by giving one group 
of sl^udents an organizing sentence^which provides the meanin^gfiil link 
between the prior knowledge arid the aew information iri the paragraph. 
Activity ^. introduces the idea of concept mapping' as a means of 
organizing the information learned into a more meaningful fashion. And 
Activity #6 illustrates the Mi o;s}^praU that 
a learner possesses. Although each person stores information in an 
idiosyncratic way, there ar^ enough regularities am^ the meanings of 
our stored concepts so that communication can occur. 

In the last activity, the' distinction between rote a^^d^m^ningful 
learning is considered more directly. In this one, the leatiier is asked 
to identify those concept sf that s/he considers meaningfully learned 
and. those s/he cbnsi<iers rotely learned. The meanings of the concepts, 
•indicated by the regularities ^w recognize fpr that concept, and the 
specific events and^objects as example of ^ach concept, demonstrate the 
. relative meaningfulriess of these concepts to students .. . 

' ' ' ; . . ' ' • ■ ■ ■ 



It is hoped that through the examination of /the concepts of rote 
learning and meaningful learning the student can recognize what is rc- 
quired to move toward Meaningful '-learning and away from rote -learning. 
Further, it is hoped, that the teacher can begin tq re-examine how infor- 
mation IS presented, to the learner, either in' lessons, or -in textbooks. 
Arid, that ;the strategies p^yesented in the^ !'Learnii>g Howtp Learn ProgriimV* 
call facilitate this t;trans^ the more" meaningful, 'efficient^ ;^^ ■. * ^ 

teaching and learning of conc^ptis, /. . \ • 



-ACILV I TIES IN MEANINGFUL LEARNING , ' . . •. 

ACTIVITY n - Rote Learning . ^ , 

, . Say the Plejige of Allegiance . to the Flag. This is an example^ 
something which is learned rbtely. It is shared by everyone, and it 
must *l5te' said exactly as written br it is wrong. 
; ... .Perhaps y^o^u may wish to write the; Ple^lge of Allegiance on-the 
board and ,^rcle key concepts, such as '^allegiance"" and ^'repubiic/' 
and ask who knows what, these concepts mean, ^ * 

ACTIVITY^ #2 - 'Rote Learning^ and Meaningful Learning 

» . . ■ • ■ . ' ^- ' ■ . . 

If some information is going to be learned meaningfuiry, that infor- 
mation "mu^t be linked to existing concepts that the student already 
possesses. This can be shown in the following exercises . Gi^e^List #1 , 
to half the class; List #2* to the other half. Give the following direc- . 
tions: "He^^re'^^s a list of words. Everybody has the same words. . You will 
be given thirty seconds to memorize the list that you hdve." 



Lis^ #1 . 






List #2 


vanilla 






vaT]illa 


elephant 






chocolate 
strawberry 


desk 








yellow 






elephant 
. camel 


Apcolate 






horse 


red 






desk 


table 






chair 


camel 






table 


strawberry 






^ red 


green 






yellow 
green 


horse 








chair 









I . ■ ■ ■ 

Figure 3. Lists of Organized and IJnor.Patiized Words. 



After the thirty seconds, have the students list as many words 
as they can remember. Tally the number of remembered words for "each 
student using List #1 and :fer those with List #2. The number of words 
each stiideTit remembers is" a record of this learning-recall event; 
Determine the average for^ each group. The average number of words 
recalled (usually about 6+ for thd' group with List-.#1, and 8+ for 
the- group, with List ^2) is. a transformation of the. original records, . 
and serves to illustrate how the learning principles goiide the inquiry 
(See; J V- 2 '^through IV-12 for further discussion.) 

Discuss with your students the idea of organization and meaning 
fulness of the material. .List #2 already had the words organized irit 



/ • /■ 
o 



a pattern of ice cream floors, animals, pieces^of furniture, and co] 

List #1 did not have that orgaiiizatipn, or at least, the organizat'ipm 

may not have /been apparent after only thirty seconds. List #2 is ! J/ 
: ■ ' ■ v ' ■ ' . i; I 

meajiingful for the student who realizes that the items are cat'egori/ze 

You may want \to try th^next two lis^s to stress, the point of^ 

meaningfulness for th6 studBits . Each list deals, with plants , but^List 

#4 jnay present some difficulties to the students since the termsyare 

unfarai^liar. It will be very difficult £or the students to leam//the 

list in the last column.' This is an example of arbitrary learning 

or rote learning,. ' 



/ 



List #3' 




List #4 


petunia 




tracheid - 


gardinia 




^sclerenchyma 


marigold. 




. xylem 


zinnia / 
goldenr^d , . 




cambium 




epidermis 


sunflower 




mesophyll 


maple 




\ parenchyma ^ 


sycamore 




pallisade 


cottoilwood 




^ stomata . 


walnut 




aperture 



Figure 4. Lists of Familiar and Unfamiliar Botanical Named. 



ACTIVITY #3 - Organiziiig for Meatiihgful Learning ' < \ 

. How we interpret and rclat:e';!to a problem often depends on oiir 
past experiences. These oxperie'ifices help us to sort out our new V 
information. On this page aijd. the next are two paragraphs, identical 
except for the first sentence.* jfai vide the class once . again .into Itwo V 
groups, and , give them the fo'ilovS|ing: directions . "You will be given 
a paragraph to read... After you'^ave read it, you will be asked | T . 
questions about the contents of thse paragraph, and what the -paragraph 
4s discussing." V - 

' . ■ ■ ' . ' ' !'' j • ■ . ■ ■ ' ■ _ . . • 

This paragraph is about -washing clothes. It is actually 
qiiite simple. First i^ ypu^arrange things into different 
groups depending on their makeup . Of course, one pile may 
be enough depending on hdW;; much there 1$ to do. . If you» 
have to go somewhere else .due to ^a lack of equipment , that 
is the next step, otherwise you are pretty well set. It 
' is important not^^to overdo any particular part of the job. 
That is, it is, better to do too few things at once than 
too;many. In the sK'ort run, this may not seem important, 
but trouble from doing tc/6 ^many^.can easily arise. A mis- 
. take can be expensive as well. Working the eq^uipment 
should be self-explanatory, artd we need not dwell on it 
,l>ere.^ At first, the\whole'f procedure will seeJn complicated. 
Soon, how'ever, it will become just another facet of 'life . 
It is difficult to see an end to; the necessity for this 
task in the immediate future, but then one can neVer 'tell . 

figjjire 6A. Washing Clothes Passage with Organizing Sentence. >^ 



from R.h. Meyer. fl'377) THINKING AND PROBLEM SOLVING: AN INTRODUC- 
TION XO HUMAN COGNITION AND LEARNING. Glenville, IL: Spott, Foresman. 
Company. ■ . "' * 



It is actually quite simple. First, you arrange things ^ 
into different gtoups dependinjg on their makeup. Of course, ^, 
one pile may be enough "depending on Tiow much there is to do . 
. If you have to go somewhere else due to a lack of equipment, 

' that is the, next step, othe.rwise you aTe pretty well set. 

It is important not toJ.overdo any particular part of the job.: 
That- is, it is better to^do too few things ait oi^^ too 
manV. 'iri the short run, this may not seefiv important,' Vut 
trouble from. doing too many can easily driSje. ' A mistakje 
can" be expensive as well . ' Working the equipment should be ^ 
self-explanatory, and we need not dwell on it here. At . V- 

' first, the. whole proc'edure will seem complicated. Soon, 
however, it will becpine just another facet of life. It is 
difficult to'see an end to the necessity for this task in 
the immediate future, but then' one can never tell. 

Figure 6B. Washing Clothes Passage without Organizing Sentence. 

\J5uestions for the Class: ^. . - ' 

Who understand the story? Indicate by raising your hand? ' , . 
■ W^o- does not understand the story? 

For those who do understand the story, read the first senten'ce 

f ' ' ■ ' ■ ■ ■ , . 

' of your paragraph.! * ; 

Students who had paragrapTi 6A will. gene*raliy/say they understand 
.the 'story> and those with pariagraph^ 6B may make some" "wild guess" as 
to what it was all about. This exercise. .serves to illustrate that we , 
can sometime. aid the^ process of meaningful leaming%by statements that 
help to ^"organize" ideas by linking these ideas to what is^ already 
familiar.. Meaningful learning is aided by procedures which Help student 
tie new infoiTmation to kri^wledge they ^alrisady understand. * 



ACTIVITY - Organizing by Means of a Concept Map. 

The* purpose of this activity is to illustrate a valuable strategy 

for -organizing matel^ial to be. meaningfully learned. It .introduces ' 

*the idea of concept mapping of verbal material. 

' ^ Again", divide up the class into two groups. Group #l.will 

receive the paragraph reading; Group^2 wilT receive the conce.pt map 

on the next page.. Give the students the following directions: "You 

will be given a sheet of paper with some information on >it. The two 

' * ■ • . . , • 

groups have the same information, but in different forms. Study j^e 

-pi-ec^ of paper for four minutes. After that time, you will be given- a 

quiz about the information o n th^ papers." r 

Everyone is .familiar with metals. . Metals that , occur . 
riaturally are called pure metals. Some pure metals like 
: * gold, silver, and platinum are considered 'precious metals 
^oecaiise they are rare. Copper, .lead, iron,* and aluminum, ' 
/ on tHe other hand, ' are considered common because they are. 
more ab'undant. ■ People have learned to combine pure metals 
and other-substances to create new me t-als, called alloys. . 
Steel, brass, .and brohze are alloys. We see metals every 
day in cars and buildings (alloys mostly) , in jewelry • .* 
(rare metals) and in plumb*ing pipes and .cooking foil ^ . ^ 
- ^ (common metals) . ' 

■ . . ■ ■■■■ .• ■■ ■ ■■. • -\ ■■■■ ■ ■ ■ ' ■ * 

Fi^re ZAi Metals Paragraph. ; . - ' 




METALS 



Rare 



Gold 
Si 1 ver 
Platinum 



Jewelry 



Common 



Copper 
Lead 
Aluminum 
Iron 



Plumbing Pipes 
Foil Wrap 



Man-Made 
Alloys-' 



ASteel 
Br a is s 
Bronze 



Cars N 
Buildings 



Figure 7B. Metals Concept Map. ; '-^ ^ 

Activity #4 Questions for Groups #1 (Paragraph, readejs> and #2 (Concept 
Map readers). \ : J. , - ■ ^; , 

1. What is th6 best word label for, the subject of this information? 

2. ; , Write the difference between.pure metals and alloys. 

3. Why are gold and silver called precious metals? 

4. List two common pure metals. . ^ t? ■ 

5. Choose two from this list that are alloys. 

\^ Platinum 
■ . . . Bronze ' 

Copper 

6. Metals.used in cars ^nd building are mostly 
; 7. Precious metals are mainly used for ^_ 



Steel 
Aluminum 
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ACTIVITX 'ffS - Goncents. and Stored Meanings . ■ : . 

• •■■ ■ ■ ■ ■ • ■ ■ 7 ' ■ 

This activity illus-t rates that meanings are stored and that^ these ' 
meanings are idiosyncratic. That is, not everyone h^3 the -same meanings 
stored for each term. . In asking the students to share their\ definitions 
of each word, they can come to realize that definitions do not match 
exactly since it is the meaning that. is' stored, and not the word. Also, 
there are aspects of the definitions that studentis do hold in common. • 
These common features of th^^def initions pould repres^t the regulari- 
ties of the. concept word. (See Activity #6.) ' ^ 

. Ask the students to write- their definition for each^of the 

following: ' ^ 

■ ■. '-^ ■ r . • ■ ' ■ • ,. - : . . 

ANIMAL ■ FOOD_^. . AIR . 

*^ " ■ ' ■ , • , ' • * . 

Have th6» students share their definitions. ' - 

■ -_■(,.•■ y ■ . . . -. . 

Questions ^for the Class'; • 
Where did the information (given in the definitionte) Qjojiie from? - 
Why doesn't everybody's definitions match exactly? (Because it is • 

their meanings which are stored.) ' ' / ^ • 

What are the aspects of the definitions that are held in common? 

(These could be the regularities of the concept.) 

This attivity also seems to .illustrate that cbncepts^vary in the 
extent of meaning they have for any one person. 'Concepts are more • , ^ 
'meaningful when they ard related to larger sets of Qther concepts 
througK meaningful propositions, such as "animals inc^lode vertebrates .. 
and invertebrates.'*. The next activity seeks to help define concepts 
and to emphasise that each concept symbol or sign represents* a specific 
regularity in objects and events. It is not always easy to describe 
the regularity represented by a concept label., even when we a:^ very 
familiar with the concept, as in the examples given above. 
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ACTIVITY. #6 - The Rote-Meanirtgful Confinuum \'i . 

.. 'The extent to which ahycme can learn something meaningfully depend^ 

upon, (1)* the potential meaning of the material, (2) the degree of de- 

velopment of related concej)ts by the individual j and (3) the effort to 

relate the nfew. material to what the learner already knows." These 

three criteria can be illustrated-in this activity. The potential / - 

meaningfulriess of concepts relates the our ability to see the regular- 

. ities that those concepts possess, and our ability to point to objects. 

and events which are examples of those concepts. Give students the ' 

following directions: "Here is a line >hich represents a range from , . 

meaningful learhing to. rote learning. Choose eight to ten concepts and' 

. arrange, them, according to hdw meaningful they are to yoii. Try to use - ^ ^ 
^ 'pfc-' .,.f . .• 

some concepts ^hat represeivt regularities in objects and some that 

, f. ' 
represemt regularities in, events. Those^ which are most rote. should 

have the least"" meaning; those which are' meaningful* Should have the^Aioist^ 

meaning. Indi;cate what the regularities, are for each of J: he concepts and 

identify the objects or events o»ihat -'designated regularity.'* 



mpaMingful 



examples 



ROTE 



Concept 



love 



Regularity 



concern, feeling 
for othiers 



Event/Object 



acts of caring 
and feeling 



wind 
fruit 



phone number 



moving air 

usually edible, 
soft, food 
from plants 



assigned 
number 



air m motion 

apples i bananas, 
tomatoes 

4 



specific number, 
e.g. 555-1000 



Figure 8. the Rote-Meaningful Continuum, showing examples of concepts, 
their regularities, and the events or objects. 
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SUMMARY «" 

After these activities are completed, it would i>e helpful for the 
teacher to summarize what information ha^ bepn obtained. The use- of 
the summary' is to provide the student mth some principles about learn- 
ing, specifica?lly about how s/he learns in school, and to provide the ' 
teachei* with^ some operating principmsT^hat can ^guide the construction 
of lessons and units in a meaningful fashion. > ^ 

-Rote learning occurs when hew information is stored arbitrarily. 
That ' is /th^ . information is-not linked to existing concepts that^ 
the learner already has. , * 

-Meaningful learning occurs when new infoniig:tion is acquired and . 
linked to existing concepts that the -learner already possesses. 

■■ ■ : ■ • ■ • „ ■ ■■ . < : 

-Existing, concepts' that the learner possesses- a6t as organising 
concepts that provide ^anfejll^ge" for new information and facili- 
tate meaningful learning. . • 
' -The Belationships* among the . ciondepts in individuals are idlp- ' 
syncratic. That is, -the concept meanings are unique for each ' 
individual. . , ' * > ' ^ /. " 

•-However, the meanings ^stored by individuals should have 
. enough regularities to allow communication. , > 

-Concept sv gain in meani^vgfwhen they can be used in more and ^ 
/ /more meaningful propositions. 
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FEATURES OF 4;;C0NCEPT mP: .. ' 

. Concfept' mapping is a means by whi(4i coijcepts and the organization • 
of subject matter can be representedy-i^^ ^ students and 4:eachers fin-d 
that the use of concept mapping helps ^'see the^ subject matter more /r^ii 
clearly, and. learn that subject matter more meaningfully/' Two concept 

..maps have already, been presented in this handbook; \the m"etals concept . 
.,^.,niap, .Figure 7B,' page .11-9 , and a more complex example on the ocean : 
biomef Figure 2\ page 1-3/ B'oth of these demonstrate the common 
feartures of all concept maps,' and it is suggested that you refer back to 
them, during 'the following de'scription. * 

. : A concept map is a two-dimensional representation of a discipline 
or a part of a discipline. '(Stewart,, et al, 1979) And it is thxs - ■ 

feature that allows for the representation of tHe prepositional 

■ ' ■ • ■ ■ ■ • ■ , ■ * ■' ■ ' . ■ ■' ' '" "^ ■ ■' ■ ^ ■ 

> (principle) relations ^atnong the concepts. This is a much different ^ 

. .'■*.,.. ' . ' ' ■ ■ 

perspective, than traditional note-taking. which is one-dimensional and 

illustrates no relationships among the concepts. The concept map not ; 

only identifies .the major points of interest (concepts) , but also 

illustrates the relaly^ships among the concepts in much the same way 

the links among cities on a -roadtnap are illustrated by highways aiid* 

i^-other roads.- Z^-,- ' ' . / .;" 

• ■ ■ ■ • . ■ • . ' ... . ■ ■■ : ■ ■ ' ■ \ : 

Another feature of a concept map deals with its representation ' 
■■■■■ ■ " \ * 

Q^. the relationships among the concepts. . N,ot all concepts have equaf 

weight. That is, some are >more inclusive than others. For instance, 
the concept of ^'natural selection". is more inclusive than any of the" . 
pyopositions that^ identify -thiat theory. Thus we can see' that every^ 
cbncept map should have at its top .^the most general, most inclusive \- 
concei^t, and progress down' through until; the least inclusive, more 
' specific concepts or examples are illustrat^tl' at the bottom pf thp 
map^-v:!^ map (Figure 2, pagjS 1-3) illustrates "Salt*' 

and "SCbdium Chloride" as examples of "Dissolved Minerals." . The ''littoral 
zone" further down vt he map could have the "Long Island shpre" a's an 
example. v ^ - \ -h • 

The next feature of a concept map Is that of hierarchy. .IVh^ij two 

■ ' ' , ' ' r* "■ ■ ■ 



or mote concei3ts are illustrated under a more inclusive . concept^ .a ^ .. 
hierarchy is produced , on the concept nrap. Again from pur Qcean: biome ; . ; 
example,, the concepts of "sun»* and "plankttn'^' are moi*e specific concepts- ■ 
for 'the. process of "photpsynthesis /*. and illustrates a hierarchy of " 
the food production' in the^oceans . In the metals concept map ''pure^^ . ' - 
metals are cl as si fied'^intpyrare" and "common" metals. By contrast^ ^ 
the examples of "copper/^ "lead,/\ ".al^u^^^ and "iron" show a linear 

relation to the concept of ''common" metals, and thus no hierarchy is ' : 

illustrated. . - / ^ 

^Iil addition to the features of being two-dimerisional , showing 
'a pattern of genera^, to specific, and indicating a hierarchy, concept 
. map^;* have other -featui^^ps/ These featureSoare ^moro elaborate and -.dis- 
• 'criminatihg.. F6r a 4eltriptiph of the other features, see Section V> 

the As.^eSsmeri^^^^^^^^^^^ \ ( '\ : 
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CONSTRUGTION OF A GONCEPT MAP 

To illustrate t}ie pbintis made 
more clearly, -it will ^e helpful to 
construct a concept map step by step 
so that you can see the features and 
procedures- necessary * for a map' s 
development. Although general rules 
are established for map construction, 
the teacher i3 advised that these 
rules will .have tp be modified and _ 
adapted to the particular teaching 
situation of your classroom. 

The concept map that will be 
constructed is based on the reading 
to the right, and is taken from a 
jun4pr high science text. . 

1^. Select a reading from a text 
that is not too long. At least at 
first,,, the reading should be short ' 



. Heat and tciupc ratine \w closely related. lt()wev/?r, they 
are not li»e same. The kinelie iheoiy can he u^ed U) ex- 
plain exi}an<liijg. cbnlvacling. and ihangiiig phase. Can 
the theory also he nsed to explain the difference hetwceii 
heal .and leniperatnve? ■ . • 

A<;cordi|]^ to Hie kinetic theni*y, inolecnles are always 
"moving. Scientists- agree that a moving (ibjeet has encrev 
hecanse it is n«)vii»g:;Tlfe ^Mieigy is called kinetic energy, 
or energy ()f in()ti()nV Since each . niolecnle iij a -piece of 
matter is nu)Ving; each- iins kfoetic/^^^rgy. The kinctie, Cin- 
ergy; of. molecidcs. is t lie key j\>:r explaiiiing t he difference 
he I ween heat and teiiipei:atnre. ■ . - ^ ^ 

Ipday '.scientists believe that the teinpenitnrr of a piece 
of matter depends on. lhe "average speed of its molecnies, 
in any piece of niatter some inolecnles are moving faster 
than otiiers. If there arc more faster-moving molecnies 
than there are slower- liioving molecules, the average ijpeed 
of the molecnies in that piece of .majiter will .he greater,. 
The greater the average specil. the higher the tciiqH'rutine. 

A cnf) of hoiling water^ljiis a higher .temperature, than a 
cuj) qf warm water. /"rhe difference in temperatnre is due 
to the dilference fn the av(|rage kinetic energy of the, mol- 
ecnies of water in each cup. The water molecnies* in a cnp 
of hoiling water have nj(ne«kinetic energy,«()n .t.iie average, 
than the'water niolecules in a cnp of warm water. So the 
average speed of the nioh^qnles of Ixniing water is greater 
than the average speed of (lie niolecnle;^, of warm water. 

The amonnt of iieat energy 'in nuittcr is* thonght of as 
heing the suni of all the amounts of kinr^tic energy of every 
molccnie in that matter. So the amount of lieat in matter 
dcptMids on two things: ( I ) the amonnt of kinetic energy 
of each molecule and (2 )-tht?^nund)er of molecules. 
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Figure 8: Reading from Blecha, Fisk^ 
and Holly. (1976) . EXPLORING MATTER AND 
ENERGY, PAGE 148. : 



1 1 1-3 



.,^so-ithat--the-coi\cept-map_does_not_becQme_^ : 

too r^any concepts. ' , - 

2. Identify the major relevant concepts, that is, science concepts, by 
either underlining them in the paragraph or by writing them indi - 
vidU^y on pieces' of paper or small cards. The relevant concepts 
for the reading . are shown in Figure 9 below. 



KINETIC THEORY,, HgAT,, -TEMPERATURE, EXPANSION, ' CONTRACTION, CHANGE 
p'P^PHASE, MOLECULE, MOVING, ENERGY, KINETIC ENERGY, MATTER, : 
AVERAGE SPEED, BOILING WATER, WARM WATER, NUMBER OF MOLECULES, 
less; .GREATER. ^ " - 



Figure 9: ReTevant. Concepts, from the Reading on Heat and 
^ „ ■ Tempe'rature. ■ ■ ■. ■ . 



. While, the list above generally shows how the^oncepts appear in the 
reading, this may not necessarily represent how the concepts are ^ 
relateCto each, other in the discipline. The next step then is to . ■ 

■ order or rank the concepts from the most inclusive (general) to 

the least inclusive (specific). Each reading, or section of text " 

chapter, or even the. entire chapter" should have some concept which, 

because of its inclusiveness, is. selected as the most geperal, or inclusive,' 

of all the concepts presented. Sometimes, though, the inclusive- , 

ness depends upon the learner who uses his/her stored meanings to 

designate the most general concept. The examples will form the ^ > 

bottom of the concept map. What lies between the most inclusive 

concept and the examples at the bottom will be the intermediate 

concepts . Although ^these are not arbitrarily assigned to. positions 

on the concept map, their. positions on the|map- are less crucial 

to".<£he: oyerall 'function of the map. On.the next page is a chart 

showing the range of inclusiveness of the concepts presented in 
the reading on previous page. . ^ 
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most inclusive 



least inclusive 
(examples) 



KINETIC THEORY 

EXPANSION, CONTRACTION, CHANGE OF 
PHASE, HEAT, TEMPERATURE, MATTER 

AVERAGE SPEED, MOLECULES , KINETIC. 
ENERGY, MOVING . 

LESS,. GREATER^ 

WARM WATER, BOILING WATER . 



Figure 10: Chart of Ranking of Concepts from the. Reading on 
Heat and Temperature 



4. Now begin to arrange the concepts . pn a' table or piece df paper, . 
starting with the most inclusive at^the top, followed by the 
next most inclusive. \ 

5. This'^^same procedure continues until all the concepts have been 
'• laid out. The connections among the concepts mus^t how be , 

established.' Lines are used, to connect the concepts and a 
statement is written on the line that indicates what the rela- 
tionship . is between , any two concepts . The completed concept 
map for the reading on heat and temperature is shown on the 
next page in Figure 11. , . 

6 . The teacher is now encouraged to examine some of the teaching 
materials . they have and to prepare concept maps for short sections 
of that material. Practice* is the^key to good concept/mapping: 
proficiency will come as the map constructor makes a number of 

■ attempts. 
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KINETIC THEORY. 




I 

EXPANSION 



CONTRACTION 



CHANGE OF 
PHASE •■ 



DIFFERENCE 



MATTER 



HEAT 



— ; — — 1 
TEMPERATURE 




AVERAGE SPEED 



MOLECULES . 



KINETIC •by 
ENERGY 



Figure 11: 'Completed Concept Map for . 

the Reading on Heat and Temperature 




LESS 



Warm 
Water 



GREATER 



Boiling 
Water . 
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There ajre some elements to a concept map that'are not mentioned 



in the rules for their ^nstruction. These are givgn to facilitate 
the development of concept maps by both the teacher and the student. 

1. A concept map does not have to be syiranetrical. The concept 
map on page III-5 is lop-sided to the side of "Heat" and 

* 'Temperature." This should be of little concern. V (You will. - 
notice, however, that if the concepts of "Expansion," "Contrac- 
t-ion," and "Change of Phase"- were develpped in the! same, reading, 
that other* side would have been developed more com])lotely .) 

2. Remember that a concept map is visually efficient . That is, 
it is a shortcut way of representing the concepts of the 
discipline. This should remind us. that, as we first develop 
concept maps, we find that a final map comes only after a few 
tries. These attempts represent an effort to show the details 
of concepts and their relationships in the most efficient . and 
consistent way. . ' 

3. - As you examine the 'concept map on page III-5 more closely^ you 

may' realize that some of the concepts are not in the same form 
as they were in the reading. For* instance, "Expansion" and 
"Contraction" were changed from "Expanding" and "Contracting." 
Generally, it Ijas been found that changing the yerh concepts 
to noun concepts facilitates the map* s~ "construction without , 
losing any o£ the intended meaning. ^ ^ 

4. It is sometimes advisable to add certain concepts, even though 
they -are not "relevant" . science concepts. Their purposes are to 
clarify the intention of the map, and more faithfully represent 
the form of the reading. The concept "Difference" wa^ added 
for just these reasons . 

5. Finally, it must be remembered that there are no perfect or 
correct concept maps, only maps that come closer to the meanings 
of the concepts for the map maker and others who read them. 
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SWGESTTONS F^'T^^^ ' ~ 

In the last part of this section on concept mapping, suggestions 
for teaching this technique to students is discussed. The pacing of 
the introduction of concept mapping depends upoji the local conditions 
in the school, the level of the student, and the difficulty of the 
subje'ct matter. ' . • ^ . " • ( 

1. When concept mapping is introduced, it is advised that the 
teacher make up the map prior to coming to class and hand 
out copies to the students. Let the students study the map 
along with their reading. This will give them an idea of 
what a concept map is, how it is structured, and how it can 
be oised. ' . ^ ^ 

'2. When the students are ready to attempt a map construction on 
their own, choose a reading which is particularly short and 
that contains concepts that are familiar to. the students • 
already. . ' \ . 

3. Inistruct the students to.identify the major^dncepts in the / 
reading, rank them in order of importance, and construct the 
map from r the irifornlation they have. (It might be helpful and 
interesting for. the. students toVuse small pieces of paper 
or "1x3" fards to write the conceptis on.' Students, in our 

. studies, have said that making concept maps is like puzzle 
; fitting, and perhaps the teacher should approach the task from 
that standpoint.) 

4. The teacher should expect that there can be reasonable differences 
.. femong ^concept maps that the students develop. Not all: the eon- 

cepts will be identified, some will not follow the "general to 
speci^fic" rule, while others may have difficulty identifying * 
. the. most inclusive concept. As the students become more familiar * 
,with concept maps and their construction, these difficultj.es 
usually disappear. Students. can usually produce very adequate 
cbncepft after only a period of two to three weeks of exposure 
vi- to this technique., ; ''^^'^■^^■■/.r 

■ ' ". V'^; H ' • 
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on the chalkboard or the . overhead projector. 

6. Sometimes groups of students can work together and cons^truct ' 
a concept map of a section of text material. The ocean biome 
concept map , on page 1-3: is an example of a cooperative effort 

• by four seventh grade students. • 

7. As i:he students become .more proficient with the construction of 
concept maps, the teacher ^ould begin to examine' closely the 
line connections among the concepts on the map. .^ Because these 
lines represent the relationships among the concepts, ' it is 
impbrtant to assess the students' understanding of these 
relationships. Two forms of criteria have been designed to 
assess concept maps done by students . One fomT has what can 
be described as avlarge "field of view" which attempts to give - \ 

; an overall picture of how the students are progressing in their 
ability to make concept maps. The second form has a small 
"field of. view" and magnifies some of.the features of concept 
maps by establishing more stringent criteria for the map's 
assessment. Refer' to Section V,*; under "Assessment of Student- 
Constructed Concept Maps,!' for these techniques- ' 

' " ■ • ' ■ '. ' ^ 

■ .. " " . ■■ ^ 

liltdmately, the objective is to have students coordinate what 

they h-ave learned about concept mapping and the Knowledge "V^ (dis- 
cussed in more detail in the next section) . Essentially, a concept 
map -can represent the left-hand, conceptual , side of the "V'» and 
already you may have noticed the corresponderice between the terms 
for concept mapping and some of the terms on the left-hand side' of 
"'the' "V".' '• . * • " • ' . ' . . • ' ^ ■ . " 

In the next section, the terms of the "V" are discussed, 
examples^ ar^. given, and suggestions for introducing and teiching . 
th'e "V" to students are provided. 
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IV, THE KNOtoGE ''y'^:;_ \ ■ - : .. 

■ INTRODUCTION TO -THE KNOWLEDGE "v" 

' ,. ■ ■ ■■. ■ ■.. V , , ■ ■ ■ ■■ 

BACKGROUND INFORMATION AND DEFINITIONS 'OF 
• . TERMS; AROUND TrtE. V' * - ~ ' ■ ; 

USE OF THE "v" aS A .PRE--TEACHINGv TEACHING!, 
AND LEARNING TOOL)' 

SUGGESTIONS FOR INTRODUCING THE KNOWLEDGE " 
INTEGRATION OF THE "v."^ AND CONCEPT MAPPING,,, 



-I NTRODUeri ON-TO^THEf KNOWLEDGE-'Y' 

The nature and organization of cognitive structure not only plays 
a major part, in our individual learning, but also 'forms the basis .of 
the collective knowledge in the sciences (as well as. other disciptines) . 
The nature of knowledge and the anal>^is of ^ knowledge can be taught'^ 
through the use of Gowin's Knowledge "V". Briefly, Gowin defines two : 
types of concerns that ar^ used in conjunction with the intent of 
reaching- or arriving at s'ome knowledge claim. They are the conceptual 
and methodological activities. The left-hand, conceptual, side of the 
"V" indicates the appropriate quesitions to ask, , and what theories, princi- 
pies, and concepts bear on that question. This conceptual side is, 
batlanced with a methodological side which identifies what has been , • 
observed, gathered, and manipulated in the laboratory so that i:ecofds 
and data* are accumulated to , substantiate the knowledge claim. What 
binds these two activities togethi^r' are the objects and ^'events that . • 
occupy the bottom of the "V". • - 

Nine terms are associated with the V". In the following pages,- 

these terms will be defined,, and examples from actual laboratory 

M ■ - ■ ■ ■ 

exercises will be. given. Tlie. sk^eton form ',of the; "V" and its accompanying 

■ ■ ' ' ■■ ■ ■'" ' '■ ■ ' . . ■ • 

terms *Vre given, below. • 
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-BAGK^ROUNDH NFORMAT-I ON-AND-DEF-I N-m ONS- -OF: -TERMS-AROUW 
; ■. ••' ■■ . • ' . , . : ■• , 

. The introduction of the "V" into the classroom requires that the 
teacher modify some of the definitionis that are normally used. Although 
there is a great deal of commpnality' from the previous definitions 
associated with the so-called "scientific method" and the "V", some 
clarification of these terms is necessary. The following is written 
to accomplish the task of acquainting the teacher with the terms and 
definitions around the "V" and to facilitate the smooth introduction 
of the "V" as a teaching and learning, strategy in the classTOom. Two 
laboratory exerci.ses have also been included, and will serve as reference 
points ^as the definitions are' discussed. The first example is a labora-. 
tory exercise that was taken from a published laboratory handbook designed, 
for a junior high physical science course. The lab exercise was laid 
on the "V'V, for analysis by the class. It is taken from the laboratory 

"manual (pp. 27-28) which accompanies Blecha, et al^. (1976) EXPLORING . ' 
MATTER AND ENERGY. V . : . 



CONG £P-tUAL ( TH INKING) 

theory: 

Kinetic Theory of Matter 

PRINCIPLES: . 

.!» H?at is a fojrm of energy 

2. Heat is the noasure of the'inoti 
. - of-molecuies-in^a subs tine e. 
• ■•• r^f 

^ 3 . A c ai or ie vTs the aiaoun t q f h eat 

\ ^ needed to" raise the temperature of 
- , l.O-g of water l*C. 

; 4. La\y af Conservation of Energy 

5. A theiwoneter measures the average.iSpeed 
of the 'fflo'^eculfss in a substance 

6. '- A. calorimeter .is an. Instrument that measures ^ 
.' heat.'. r- 



CQNCEPTS: - ; , ' 

Mass, temperature, .calorie, heat, energy, calorimeter 
molecular motion, thennometer. 




METHODOLOGICAL, (DOING) 
KNOWLEDGE CLAIMS: 

I. Washers lost heat to the 
water. Water gained 

■ calories of heat. 



2. Washers lost an equal amount 
of calories as the water 
gained. 



transformations: 



2 - « mass of the water 

T2 - Tj » change in temperature 

Heat Gained > mass of water x change . 
* in ten^jerature 

[Change in Heat ■ (M2-Mj^ x T^-T^^)] 



records: 

» mass of calorimeter > 



M2 ■ mass of calorimeter * water ■ ■ 

T. ■ temperature of water in calbrimettff _ 
- before washers added 

T^ « "highest temperature of water after ^ 

hot washers added . — 



E!VENT/ Hot* washers placed in water 
objects:, in a calorimeter. Record mass 
;.. and change in temperature^ 



/ 



Figure 12. Sample MlJ" #1, produced from an exercise published in a 



\ 



A: 



laboratory manual, - 
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The second example, for the purpbS'e of contrast, is a ;iaboratory 
exercise developed by a teacher for a seventh gradp biological 
science cQurse. * 



CONCEPTUAL (THINKING) 

TjJeory: 

. Cell Theory 



PRINCIPLES: 

1. All living things are composed 
of cells. 

2. Cells contain structures which, per- 
form activities that benefit the 
entire cell (or organism). 



3, A microscope is an instrument that is 
used to magnify small objects 

4, Staining is a technique used sS^ that parts 
of the cell can be seen more easily. 



CONCEPTS: . 

Cell, cell wall, cell membrane » cytoplasm, nucleus 
^ chloroplasts , -vacuole, microscope, iodine stain. 




METHODOLOGICAL (dOING ) 

KNOWLEDGE CLAIMS: 

.1. Onion cells and cheek 
cells have different 
Shapes, . 

.2. Not all the same structures 
are in the onion cells and 
cheek cells. 

3. Oniort cells contain more 
structures .than cheek cells. 

transformations: 

Sunmiary uhart indicating what was recorded 



in each type of cell. 

ONION CHEEK 



^cell wall 
cell membrane 
nucleus 
Vacuole 
cytoplasm 
*'brick like" ^hape 



cell membrane 
nucleus 
cytoplasm 
generally round in 
shape 



RECORDS: 

Draw a pictureiof the onion cell- and cheek cell. Label 
parts that wera^een under the microscope. 



event/ Oxamination of stained cells 
OBJECTS: under the microscope. Dhaw 
pictures of cell, indicating 
• internal structure. 



Figure 13. Sample "V" #2, produced from a "classic" junior high biological 
science laboratory exercise. ' ' ' 



CONCEPTyAL/METHQDOLOGICAL SIDES 



In our work with junior high students, we have found it he4pful 
to use these two terms in coordination with two other terms that the 
Students are more fSlniliar wit^h:. We can talk of the conceptual side 
as thd thinking' side^ and the' methodological .side as the doing side. 
Whether the teacher wants to use ^j|t;he "fiv^ dallar" words or the more 
common terms, or both, is left as an individual choice. 



■FOCUS- QUESTION. 



The promotion of conceptual change is <. 
\ V Focus ^1 ' fostered by the diev^lopment of good ques- r 

/\ Question v. / ' tions, A good question is. one that leads vi; 
/ . ' \ / »to an examination of objects and. events , ^ ? 

\ ^ - 1^ ' ' theory and , concepts, so that nfew knowledge': ' 

\ / is constructed. Thus, a good focus ques- y . 

... ! tion will arise from thevexaminati'on of the 

\ / concepts that a student has, ;will st^er the ; 

^/ methodology (right--hand side) , .and will ^ ;. 

eventually lead up through the knowledge 
cl^im. New knowledge claims enhance the ^ 
meanings of the concepts, principles, and. theories . As each knowledge, 
claim is collected^ it xari lead to a refinement of the cdncejits used ' 
to form that knowledge claim. But what is the function of the focus; 
question in all of thist iTie foViis question indicates the kind of \ 
.knowledge claim that will h^ made, -what concepts and principles .need . 
to operate in the inquiry, and- should suggest tKe major event that 
will be examined and recorded. In our example of the difference Yo^ween 
onion and dheek cells, the focus question indicates clearly whaf con- 
cepts are being uspd Ccell, difference, structure, 'shape, onion 'and 
cheek^,, and the major everit of that inquiry (looking at these ceflls . 
with the microscope) . . ^ - ^ 

Of course, there are several kinds of questions that can be asked . 
as V focus question.' In some laboratory exercises , the questions only " 
asks fic^r a "what'l^^^or instance, "What is the difference in structure . 
between onion cells and cheek cells?" In these casi^s, a simple 
identification of something is required." To ask, by contrast , "How is ^ 
the structure, of a cell related; to its function?" requires a different 
operation. In this case, the qiiestion asks for some'. kind of descrip-! 
tion, not an identification.. • ' ' .r . ^ 

^ Another kind of questiorn that is sometimes asked in the laboratory, 
exercise is a "why" question. - The function of this kind of question is 
to focus on not' an identification or ra description but an explanation. 
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In this'dase, more than kny other; a tlieory or spme" theory- b " ' 
principle must, be used as a conceptual ingredient of the left-hand ^ 
side, for instance^ to ask,^*'Why are onion cells different than 
cheek cpl Is?" or ''Why do the hot washers give up heat to the water?^' 
requirj^B^ that we bring to 'the knowledge claim some explanation that is 
consistent with the theory that is ident if ied on .^tfie upper left-hand 
side. ^ ■ • ■ • ■ 

From this, -we can summarize two functions of a gdod focus question. 
First, it, focuses upon the concepts, principles, theory, and event* that 
will be used in the construction\of a knowledge claim. Secondly, it 
focuses upon the kind of knowledge claim that is tjb be made as v^e ask 
Vwhat," "how,'', or "why." ' ' ' 



OBJECT 

^ -* ,/ "Object", is onj^ of the terms that is 

^ Focus . / defined, in a. .specific way when .using the 

* \ Question . /.. Closely i^eilated to the ''events 

. ^ ^ .' '^':..,.f..^Ji.' objects areYtlff^^^^ in the inquiry that 

\ / ' ,1 allow the :jsven€i^^2^^^ In the examples 

: /^'^•^^f- - .>g.i\^W prev'iousl^ the objects are the 
\' / microscope, the cheek and onion cells, the * 

\ calorimeter, the thej^nometer^ and the water 

_1 in the calorimeter. ^ "■. 

^^}^^^ ^ \ We can also distinguish the key object of^ 

the inquiry from objects that are relevant, ; 
but ^ less c^tral to our focus question. Hie key objects, of the cell 
experiment are the onion and cheek cells. The micros co^p is an object 
we need to ^|)erform our observations and to make oixr yecords. , 



EKLC 



We will^return to*a consideration of objects in\two places furtjier 

on in this handbook. When"" we consider the ','fevent" of an inquiry, the 

.... _ • ■ . ' . ' ■ ' ■ ' * ■ ■ 

objects will be distinguished from the "event . Also, when "concept" is 
discussed and defined, ^e distinction between "concept" and "^'object" 

-wil l be examined. ' ■ . ^ » 

• ■ . • ... ' ' '■ ■ * ■ 
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\ Focus 

\ Question 

■••\ 

.\ • ■ ■ 

:,:\ 

\ / 



V 



Objects/ 
EVent 



. --— — ^ -EVENT — — — — — — '- ^ 

Even though we can, talk about future 
''events/' an occurrence is not an .actual 
event until it happens or unfolds and we 
can take a record of it. Thus, we can. ^ • 
conceptualize 'about and plan for* our next ' 
birthday or an experiment tovbe done, but .* 
it is Tlot '^^^ begins to occur/' 

' . Events arid objects are related in that 
objects are always involved in an event, 
,and may^even be the event jitself (tpr in- 
^ stance, examining tree rings to .determine 
•the tree's age) . Look back over the procedures from the laboratory 
exercises you have taught. What was going -to 'occur?' ^^T^ the major 

evenV. ,What was there so that the event could occur? .The^se are general 1^^ 
••the objects •■' • ' ■ ■ 

In the two laboratory exercises givisn as examples, the major event 
appears at, the bottom of , the "V" for each. In tlie lab invdiving_: H 
onion and cheeic cells , the majoj' event is to look at stained mounts ' of 
these cells under. the microscope; for the lab involving-heat loss ,1 the V;; 
m^jor event' is the plunging, of the hot washers into the cal^ 
recording the temperature change. ' ' - . . ^ 

Events can' either be made to happen (as in /tTie two e^^^ above), : 

or the"* event may be occurring and we, at some time, come' upon it . In 
either case, the event is the thing that we take a recprd^aorfr^^-This 
will be examined. a little, further on. v " ' 



CONCEPTS ■■■ ' '■■ . : • 

To undei:stand the conceptual, Left-hand ^ide o'f the ^V'S -i^t is ^ 
imperative that the student and teacher understand what a concept is.'' 
Concepts refer to regularities 4.n events or objects/ Por example, the 
contept of. "cell'* which . is used in the experiment with onion and cheek 
cells has certain regularities th^at distinguishes it from other objects 
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\ 



t 



\ 



Focus 
Question 



- N otra n-dn i onr:ce'l-l-5~aTe-^"i-den.t:rca"l~a.n,d"~r 
not allotypes of cells dppjc alikev But: 



Concepts j 



Objects/ 
. E vent > 



there are en o\igh common fe^atures . or regular- 
. iti^s among all; kinds of cells so th;at the 
concept **cell^* can be. us^d for a number of 
examples'. In. bioliogy'!, ;the use of the term 
' ''typical ceir* points up all the regulari- 
: ties that can be found, gehex'ally in cellsi: 

In the experiment on heat ^ loss", "calori- 
: / meter" is a ppncept used tp. designate the 
■ - ^ ' ■ / ..the instrument that will be used to mea- 

■sure the/heat loss by the, hot washers. • For junior^ high school, the 
caidrimeter used is a. very simj>le one, being made of one styrofoam cup. 
inside another, a top, and a thermometer. This is much differei;it than 
the -niorp sophisticated calorimeters used in formal; science laboratbrie's , 
but the simple calorimeter shares enough regularities with the sophisti- 
cated type tP warrant th^t name of ''calorimeter.;'' . 

The final point to consider abput concepts is how they are denoted. 
T Language provides signs and symbols to designate the concepts. Simply,- 
the ^ign -or symbol of a concept is its name.- Explorie some of the . 
kind5';0f symbols and.\sign5 that students use in science class an^. e'^amine 
the -regularities that those signs and symbols denote. "You maiy ■ also viant 
to return to the consideration of meaning which wa^ diiscussefd in 
^Activity ^5 on page 11-10/ v '\ : 



• .Principles 



Focus . y 
Question / 
/• 




ObjectV/• 
Gvent ■ • , 



PRIN CIPLES, ; /: ; ■ ;^ ; ' / . ^ ' . 
• ■ . ^ ■ ' -y':, ■: - ^r;'' ;:V.'- : ■^••• 
.Principles: fit r;i^ht abdvei. concepts on . 

;the: left-hand side of the"V". ' A principle. 

is a conceptual or metho(iologicar .rulb^ 

guides the inquiry. Concepiydl- p^rinciplqs 

may find their -source from knowledge 

claims of some previous research . There 

have bq,eh several exaimples identified an. 

this handbook : lleat • .is ..a'.form of ^energy , ' 

Carbon dio,xido is given pfif,- during fcrnicnta- 



t ion; and. As the temperature ihcreases^, the rate of fermentation also 
increases. Each of these were constructed as a result of performing • 

"an empirical study. 

Conceptual principles come also from theories. Theories contain 
principles, as propositions, which state the rielationships among the 
concepts that th€b theory attempts to relate. An illustration of this 
relationship* among concepts, principles,' and theory will be dispusfsed 
below in the section on "Theory." „ ' \ ; 

. There are also methodological principles which, as tlie name ^ , ^ : 

' suggests, guide us primarlly-lon the right-hand side, of the "V"/ To, 
state that a thermometer measures the average speed of molecules in :j 
a substance is a methodological principle derived from a theory guiding 
the use of that instrument. In the activities reported previously, try- 
to pick out those principles that are methodological and those that are 
conceptual , 



THEORY . ; "9 ■■■ ■ 

Theories are statements, devel6i)ed by 
people, which attempt to explain and pre -^v > 
diet the interactions among concepts , . ; ' 
events, and, knowledge claims. a» Theories^/ 
are lab^•s, but these labels; are not> the 
theories t^i^selves . The theory encbmpas^es 
the relationships among the principles arfd' 

** , /■ .' 

concepts of that theory. ' . ''^ f^ 

Perhaps che besr way to illustk^a^te' ^^^^^^ 
how theories work is to provide an exampl^'*' 
of theory arid its. relationship to concepts"' 
and principles. ; r , \ 

'. .Expansion is ^a; c^)hcept that denotes the regularity f'^f a^^iibstanc^ 
increasing in ;volume which is caused by some agent. The^caloric theory; 
of heat stated that heat, since it was a "fluid, 'V]:?;nfused: intb the 
-substance causing the increase in volume. This IXlysttates, the rela-^ 




Objects/ 
Ev6nt 
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tionship among the theory (caloric theory) ,* its propositijons (heat is 
. . a fluid whi.ch.moves from hotter objects to colder objects) , and the 
concept (expansion) . But. the caloric theory could not explain al<l 
the phenomena associated with heat andheat transfer. Friction, for 
instance, di4 not easily fit .into the .calqfic model pf heat. 
J :^ Another theory, the kinetic theory. pf matter, replaced the older . 

' theory, and stated different principles arid different relationships, 
among. concepts that more adequately explained the phenomena of heat. 
\ The kinetic theory stated that heat was not a substance that jnoved from 
one body to another/ but was the result of molecular motion within a « 
substance. Thus, the heat energy in a substance was directly related 
. . to the moj^ular motion within that substante. The concept of expan- 
sion was e^lained in terms of the .molecular motion.. As more heat 
was added to a substance, the space between thie molecules increased. 
This increase caused the increase of volume of the substance, that 
is, expansion. * 

In many instances in a junior high science class, the theory that 
- stands behind the subject matter may not be ^evident to you or the 
students. Therefore, there. will be times when you will not be able . ^ 
to fill in. this part of the VV". However, it is important that students 
realize that some theory does indeed operate in the explanation of 



' events.i^:an;d the prediction of new knowledge. 



RECORDS 



in or dev. to be a record, we must take 




Concepts 



Records 



Objects/ 
Event . 



bur sense^.pierc options .of objects and event 
an4. ^r^duc3' them into .a relatively permanent 
form whichycan be conveye.d/to others. The 
record may take the form of a written docu- 
rtient', a photograph, or a tapei recording. 
The records of the onipn and cheek cells 
laboratory exercise are the diagrams that 
the. students prepared. In the heat loss 
experiment, the students were instructed to 
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rocord the isrcmpcraturc oi'.thc water in the calorimeter before and 
aftpr-tho hot washers ; werQ plunged into the water. Other, records 
about the mass of the water and calorimeter were also. included. 

It is important to-real-ize that a record is made about the 
events and objects, not about concepts. We can take a record of 
a thermometer reading, or draw a cell, but we cannot make a record 
of. the concepts of "temperature" or "pell^" . 




Transfor- 
mations 

Records 



Objects/ 
Event 



■ TRANSFORMATIONS ' / 

As fyoiPprobahLy realize from the. two 
.examples given, making records of events^ 
and objects does not complete a scientific 
inquiry.; In science, .thes6 fecqfds are often 
reorganized or rearranged into a more 
manageable form. When this is done, a 
transformation is perf^ormed, ' Ttie type of 
. knowledge '.claim deteiTim\es the type of 
transformation needed. ^ 

The difference between records and 
^ transformations are often subtle. Generally, 

a record can be made of some sense percep^tion, such as . reading the 
temnerature on a thermometer., A trans f6'^^ation. rec{uires some type of 
fs^ipulation of several of these sense perceptions, such as computing 
the difference between the temperature before'' and after the hot washers. . 
are plunged ilrvto the;Wa:ter. 

Transformations tan take many forms, and may involve several steps 
The most common in science and in science classes include graphs, 
simple differences,, charts, statistics, or any comparison of two or 
mor^ records. You litight want to discuss this further with your 
studrfilffe, indicating or soliciting from them examples of records and 
trans fprmat ions found in the work tha^ they have done. .^^^^Ej^amples could 
■ . come- fl'orii; eyerydav^iexperiences or froiii previous laboratory work. 
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ory 




Knowledge 
Claifn 



Transfor- 
mations 



Records 



Obj ects/ 
Event . 



KNOWLEDGE CLAIMS •> 

There^'are two things that knowledge 
claims. do. First, they are the answers 
to tKe focus questions that were asked at 
the start, and as such, provide information. 
"Second, they can suggest new questions that 
can lead to new investigations. " . 

Knowledge claims come from the inquiry 
that has lead to those knowledge claims. 
They must be consistent with the focus 
question, concepts, principles, objects'"', 
events, records, and transformations that 
preceded it5 construction.. In our example 



of the onion and cheek cells, the cheek cells were claimed not to possess 

\. ■ • * . ■ • « " ■ • 

vacuoles. This was. done .because the observer, using the microscope, 

. < ■ ' ■ . '■ ' . 

did not or could not detect' vacuoles in those cheek eells. To state 
the claim that, cheek cells, or animal cells in general', have vacuoles 
requires still another inquiry, u^lng perhaps different representatives 
of animal cells or a stronger microscope. It is this activity 
realizing the limitation upon the knowledge claim made that spawns 
new questions, and further investigations. 



To familiarize yourself further with the structure and function 
of the knowledge "V'», take a look at several of your own laboratory 
exercises and "lay them on the.»V'.»» It is ^ only through this activity 



that you can ful 
both as a pre-te 



ly comprehend the simplicity and power of this device 
aching tool. and a teaching todl. 



USE OF THE V AS A PRE-TEACHINGy TEACHI^ AND LEA«NIKG TOOL 

The versatility of. tihe knowl^^^ "V' becomes evident as the range 
of possibilities-for its- use are examined. In our work with the "V' 
we have identified three different areas for its use: - it is a pre- • ; 
teaching, teaching,, and learning tool. 
^ As-a pre-teaching tool, the ''V'Vprovides a strategy to-.analyze 
laboratory exercises prior to introducing^ them to the studeiits. The • 
teacher can take an^existing experiment, and, using the "V",. detemine - 
if that exercise is. structured in such a way that it can facilitate 
meaningful learning. That is, the "V" allows the teacher. to assess 
wh^t concepts the students must know before beginning the experinieht 
in order to triake sense Of the experience. ' Further, the ''V" can be' 
used as a device to construct individually-designed laboratory exercises 
for classes. • . * 'J 

V If it is kept in mind that the TV is primarily a strategy for 
•analysis, by asking certain questions', the;, teacher can-&iialyze a 
laboratory work. In a manner of speaKing, the teacher' *'unpack&" the 
work to examine Its constituent parts. As the teacher unpacks the 
experiment, the "VV is^ used to answer a number of questions about^the 
structure of the work. For these; questions,, you might want- to examine 
the criteria, both general and specific, that are presented in. ^ 
"Assessment of Student-Constructed 'V's'." on pages V-12 through": V'-l 7 
in this handbook. . • 

As a. teaching tool, the '^V" fits nicely into what is tradi'tionally, 
known as the laboratory discussion. It can precede the actual labora- 
tory experiment, wherfe^ the left-hand, conceptual ,' side might be completed 
as a form of summary to re- cap what. the student already knows 4bbut 

the task; at hand. : .Indicating what kinds of records and transformations 

"t ■ ■ ■ , ■. '■' ^, ' .■■ .'■ 

that will be ^made could facilitate the smooth movement of the lesson 

■ ' , ■ %■ . 

so that as little time asa possible is expended with methodological * 
problems. { 

The "V" also has versatility as a guide during the/ experiment,. 
A partially filled "V" in front of the student during the actual running 



of the 'lab and record colleGtioh can give the stu4ent a' .short-hand 

approach for determining what to do next. * 

And finally, the '*V" has, worth as a summary technique after the .'^ 

experiment ^has been completed As such, thq student can^ see- where - 

his/her knowledge claim' caihe from, what basis it h^d in the concepts ' 

' . ■ ' . " ^ »• ' ' ' ' ' ' • • ' ■ ■ 

that occupy the left-hand si Be, and the methodology qn the right-hand 
* • * . ' ■* » ■ • ' - . • ' . .. . ' 

: side. / As a sum^ry device the '^V" can' be. discussed as a whole class ' 

activity, where different gro^ips of students compare results and' ■ , - 

knowledge, claims , ancf^attempt to discusis any. :discrepaficie"s in the 

results.; , ' * r.- • ^ ' ^ „ ' 

, - Many teachers reqjLiire written laboratory reports from the. studerfts . 

.. These reports usuall;^; Summarize and also* indicate certain 

inferences that follow from the work done in the experiment. The "V" 

can represent the shoiTT^hiLnd^fo^ that report, or the teacher can « 

9pt to have students prepare "V's" as the outline for an extended 

laboratory write-up. *, 

Throughout this entire handbook, rtheire have been ' two .themes that 
haVe been developed about the. "V" and its relation to education;. First, 
thaij the "V" is a means of unpacking an inquiry., and is therefore a ' 
method of analysis. ^Second, the "V" provides a piece of knowledge about 
knowledge creation. ' If these two aspects. of the "V" are kept in mind, . 
then the use of the "V" as a learning tool becomes apparent. By pro^ 
vising a means" of analysis, the "V" separates and identifies the major 
concepts and ^principles that are used to sort out^ and cr.eatie the know- 
ledge. This id^nt^^fication of what is required to make sense, of the 
experiment provides the means by which the stjudents c^n indicate what ; 
concepts they .already know, how those concepts are related to each . > 
other, and how this linking of existing concepts can bring about new 
knowledge and new concepts.^ This is tightly consistent with the theory'' 
of learning^ developed in Sections I and II in this handbook; Thus, the , 
VV",. along with, concept mapping, can provide strateg3.es for meaningful 
learning. 




. . . ■ ■ IV-14 . . 

: : ■ ■ ' ■ 

! However, theV versatility of VM: ''V* does not stop there. In essence, 
as we^tcach the '*V", not only arc we teaching foi* meainingful learning 
o°f concepts, but also teaching for the meaningful learning of how know- 
ledge is made. While^ it is important for students to learn what the 
accumulated knowledge of science is, a^iother type o^' leaming is .going 
on as the s.tudent . uses these strategies — that is, hpw science is con- 
structed. Students learn what counts as -a concept , how theories work 
in providing explanation, how concepts change over tiine, what are the 
intellectual ^commitments- for record-making and-traiisfo'rmations , and the 
limits of the Constructed . knowledge of the sciences. They come to 
realize that knowledge is the product of inquiry, . And that inquiry . 
comes about as a result of -the interaction of the cdhceptual structure 
we* possess and- the methodologies we . choose in. fhe^i task df buiidiiig 
thiat knowledge. 
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SUGGESTIONS FOR INTRODUCING THE KNOWLEDGE V,' 



Given ail this introductory material on the "V", it is also 
necessary to discuss some practical aspects of introducing tKe "V" into* 
the classroom. These idoas are presented to facilitate the smooth intro- 
duction of the "V'V,: and also provide options for you who will ultim'aitely 
make the decisioriv^'iSB-^^^ is best for your students. • - ' 

* 1. Do not present the and its accompanying terms put of 
V context. That is, don't just teach the terms abstractly'. 

. The ''V* should be introduced with respect to a laboratory 
exercise done, a demonstration completed, or some othier 
relevant materiaj . - '^ 

2. Don't worry about thfe structure of the "V" immediately. As ^ 
^ you and the class perform la|Doratory exercises, get them .used 

to usiiig the terms. of the "V^'^^^^- "What Is the record of this 
experiment?", "What is the focus question?", etc.. 

3. When the time is appropriate, and' the stud^ts have a good 

• . ■ ; . . ■ • ■ .■ ■ ■ ■ ■ \ ■ . • . . . . 

understanding of the meanings of each of the terms, ' the; 
structure of the "V" can be introduced. In some classes, 
, you might want to complete .some of the^ "V'» for .the students, 
having . them finish the "Y!:^ :as'^ a. resultvojf having comp 
. the laboratoiry exercise. In some other classes, you' might 

want .the s the entire "V" . Vxhat wi'll be ' :. . ^ 

up to you. 

4. As, the students become more familiar with the "V", you might 
want them' complete thd left-hand siUe.^.ds^^ar^re-lab _and/or 
homework assignment. 

. . S. Latge poster' boirds of, completed "V could be placed ,up^ 
arounil the ciassrqom; a list of -the theories and major 
* prihcipljes ;u5ed in class could be put on a bulletins . ^ 
' -bdard; .also, concept majps^could enhance tlie conceptual 
. ' nature of \the program. Not only will this give students; ■ 

handy referpnC:e sources, but wilV^also re^inforce 



V tibn of conceptual te^chi,ng and. leairiing. 



ERLC 



AS: 



IV- 16 



//..// 



INTEGRATION OF CONCEPT MAF^PING AND THE KNOWLEDGE "V 

The final part of *the knowledge "V" section relates the two strategies 

discussed/in this handbook concept mapping arid^=>#^^V" . It has already 

, ' ■ • ■ ■ 

been;.»5iuggested.that the left-hand, conceptual, side of the "V" can be 

represented by a concept map. The concept map has the purpose, to con- 

eeptually guide initial and further, inquiries through^he ^formation of 

gooci focus questions. ' 



Theory of 
v>\<^ >Evolution 




Variations exist in the 
number of bean seeds in 
tean pods . 



-1 T 1 1 r- — r I I I I" 

Pods having the same nunjHk 
of *5e<^4s 

Record the number of seeds in 
each, of i'the '20 bean pods. 



Count ^the number 
of bean seeds in 
- twenty (20) pods: 



Figure IS : Integration of Concept Mapping and the Knowledge "V". Exercise is 

■ . adapted from Kaskel, £t al_. (1977)/ Life Science; A Learning^ Strategy 
■ for the Laboratory , pp. 31-34. / • 



Using the concept map and /'V'V.aliiive, ^:he'question could establish . 
the relationship betw!een two concepts that are represented horizbntally 
on the map,' e.g.^^'between "limits of food" and "environmental change." . 
Or -JthV queist^^ could ask' whether, qi|P co is subordinate:. tp another, 

such as , . :"Wliat: Hinds of limits are, imposed on d 



^ V ^Vi^^^ ^^ .t'i^j^'^^H"^?^^ above, wl^^thei 



imposed on organisms in ah environment?". 
r a concept can be demonstrated*,: 'The 



.... i'.: 



"■y. 



focus question then sets the stage for "the inquiry and provides the key 
. fo'r meaningful learning. As each focus question is ahswere^^^^^ihe 
conceptual structure of that part of the discipline grows for the student^ 
and l)iis /her knowledge becomes more complete and more complex. 

- ,1. "■'*■•' . ■ • ■ ' ' " >' 

In the next and final section^ issues of evaluation are dis'cussed. . 
Given the psychological and nature of knowledge orientation of this 
approach, the evaluative instruments are somewhat different than whdt 
is usually used in science classes. Clear criteria for assessing students^ 
ability to use concept mapping and the kriovyledge "V"^ has .been devised to 
assist the teacher in determining how proficient the students are in each 
of these area's> V . V ' 




EVALUATION OP KNOWLEDGE "v'f - IDENTI FICATIO.N> 
DEFINITIONS^ AND EXAMPLES OF TERMS ". 

ASSESSMENT OF STUDENT-CONSTRUCTED "v*s"° 

USING THE "V" IN SEQUENCE'' ;; 

INTEGRATION OF THE "v" ANEi' CONCEPT MAPPING 

CONCEPTUAL QUESTIONS: USE OF THE "v'' AND . 
CONCEPT MAPPING : , 



J,'- 




Pi 
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Materials for evaluating concept maps and "V's" have^been devised 
Ithat are Consistent vyith the information and b ackgroun&'-. given in t^^ 
handbook. Although these materials have -been divided in^o various 
^arts in . this section, they actually, work together ; to ^give the teacher 
.. aV^oad spectrum -bf ways . of ^seeing* how: w^^ are perfc^OTiing f 

with'^^S^various strategies s ■ ^, o * 

: BeforeKeach evaluation method is given, a description of what 
that method as intended* to do is. discussed. These objectives should, 
be kept in mfi^d as the teacher both reads the methods and uses "them 
inOt:he cljassropm, . . 



.V. 
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■ ■ : ■ ■]/i2 , : ■ . , . . . . • ■ 

ASSESSMENT OF^ STUDENT-CONSTRUCTED MAPS • 

■• .Seyeral features that characterize concept maps have already been 4. 
discussed fri Section III: they are twOr:diniensional , they proceed from"^ 

..general to specific, they show the relationships among concepts/ and 
they ill^trat^e^sbme hierarchy among the concepts. Given these features,* 
it is ^^pt cliffi<:ult to develop some forms for assessing the concept^ • . 
map? that students complete. : ' ■ ' . * 

. Two forms for .assessing cbncep^^^^^^ are provided on the next ~ 
few, pages ■ \\T^^^^ first form (A) is designed to give a "lar.ge\ field of . * 
view, ''.providing the teacher With a quick overview' of maps . The * 

•second form' (B) provides a more comprehensive, scaling of the features 
of a concept nlap, including some features, not already .mentioned. ~' 0 
course,. tl>e secbnd form requires a greater amount of x;time to use ^^rp-^.'^^^^^ 
perly, but this is vyeighed against the. advantage of thoroughness.. 

, Further, the more comprehensive* fo.r^ indicatei^" weaknesses in the maps, - 
and can thus suggest future instructional .^leeds . .. 



GENERAL "OVEliVIEW , FOR STIDENT-CONSTRUCTED . CONCEPT -l^^^ (FORM A) 

NEEDS- ■-■■■■•X^;:'^ 
. ' . YES NO WORK 



"*1 , Are' relationships between 

concepts infejuated on line , I ^ 
. and are they Q.bntent correct, *■ ■ ; ^ 
that is valid? X 'T' • . l )' 



2. Are the concepts arranged. 

from general to. specific? ; , '. ^ V 

(Look for the most inclu-^ -v J^;.;^' r^.^^ . ''^^ 

sive concept at the top; ■ 
examples at the bottom.j ( ) * ^- ( . ) ( ) 



3. Are the concepts linked? v • 

. (Look fpj lines between > . ^ : 

the ;§onceptW The rela- . \ t. ^ \ 

tioiiship between concepts / 

should be' indicated. .That- 
. is; something should be 

i. written on the lines.) , ( )-():. ( ) 



Is the map hierarchical? , U 

(Look for more, ihplusive / - ^. 

concepts connected to / ; 

two or more lower, or . - . v. 

subordinate \cQncepts.) ( ) ( ) .v-C /) 



Figure 16. Genisral Overview fbr * Quick Scoring of Stud^ht-Co^structe 
Cohcept Maps. c 



V-4 



COMPREHENSIVO FORM FOR ASSESSING STUDENT-CONSTRUCTED. CONCEPT. MA^^ (FORM B) 

In this form, the features .of a concept map are expanded,. These 
additional f^uiupes^ rieflect a more complete view of concept maps that, 
students develop. They should fee used only after the students have had 
enough exposure to the strategy; and feel confident to expand the strategy. 



Ignore all parts, of the map for relationships criterion if no relationships are 
' ' ' , ' ■ . . ■ • ■ 

explicitly Identified by proper labeling of the connecting line. ^ 



RELATIONSHIPS: 



One point is given for .each relationship between two. Concepts provided 
the relationship is content correct and explicitly stated. No additional 
credit is awarded for ditplication of the same', relationship on the concept 



map. 



hierarghy:^,; 



branching: 



Points are awarded depending orf the degree 
of hierarchy in the concept map. The num- 
ber of points given for hierarchy depends, 
upon the number of levels that are identir. 
fied in the constructed map. Use the map 
to' the .right for illustratioh. 

One point, is given for at least one cor- . 
rect relationship per level, up until two- 
levels beyond the last branching if the 
map remains linear. 

v ■ ■■ ■ ' / 

The branching of the concept ■ map. refers 
to the level of degre^e of differentiation 
among the concepts that are ii?4ustrated 
in the hierarchy. That is, it attempts ■ ' "y^./;. _ 

' to rate the degree that specific concepts -■ 
are connected to more ^general or. inclusive 

concepts. That rat^ti]^i.s as follows: * ' ' v 

One: point, for the ffrst branching where two or more cbnceptsr are connected 
to the concept abov'e*vV.;^v ■ ■ ; ; ^ . . 

Three points for any subsequent branching where there is .an example of 
two or more concepts connected, to a concept, above . The ij^lustrated map 
above would re.ceive a score of seven; 1 point for Level 1,, and three 
•points, each for Levels 2 and 3. . No^e that since no branching occurs in 
Levels 4 and 5, no further points are awarded for this c^rit.erion. 




GENERAL TO 

specific: 



The concept map receives an additional rating for illustrating a general> 
'to specific pattern. Whether one concept is more general than the ones 
below it depends upon the line which connects the two concepts. If no 
general to specific relationship's '.exist , oriless than 10% of the rela- 
tionships are general to specific, 'the map receives a score of zero. 



If 10 
. 30 
■ 50 

, -70 
90 



- 29%^are correct ;= '1 point ■ 
points 



- 49% 

- 6?%' 

- 89% 

- 100% 



- 2 

= 3 

= 4 

= 5 



CROSS links: 



Interratedness in a student* s concept^map indicates, an integration of ^ 
concepts, and is depicted as cross links on the concept map. Gro$s. links 
■show a relationship between concepts on. one^ branch' of the hierarchy with . 
concepts on another .branch. Notice the*^two = examples of cross links in' 
the illustration above, . A rating of one point if. given for each cross 
, link showing the integration among concepts. , No additional points are 
awarded for duplication' of the same cross link, that is, -showing theV 
•same integration of concepts. !' ^ '^^ 



Figure 17. Comprehensive From for Assessment of Student-Constructed Concept Maps. 



SAMPLES OF STUDENT-CONSTRUCTED CONCEPT MAPS WITH ANNOTATED ASSESSMENTS 



ill e next three pages show examples of concepts maps that students • 

have macie dui-ing the evaluation phase of our "Learning How to Learn ' 

Project." These examples were solicited from seventh grade student sj . 

during clinical interviews . The interviewees were giye.n a paragraph . 

reading that was based on material that they already -had in class. 

After reading the paragraph, the students were asked to construct . 
; concept maps of the reading. The reading used for the sample of 

students whose maps appear in the following pages is presented below. 

; ' In addition to tHe reconstructed concept maps, an annotated 
rating, based on'; the comprehensive scale on page V- 4 has been included 
in; order to familiarize the 'teacher w.ith how this type of : rating: technique, 
■cian be' used.' . ^\ ''■^■^'■■V . 



Living things all need energy; Plants and anima!^s use energy 
for life activities. Some lifje activities that both plants 
and animals have are growth, reproduction, respiration, and 
transport of materials. A life activity found /.only in grefen . 
plants is the, production ofifoodv Animals cannot produce 
their own food, -^d they need the life activity of locomotion 
to.' find ' food i ■■■ ..-v.^- • ' " :y '/^ ' ■■ ■ " ; •. 



■■'■r 



Figure 18. Sample Paragraph for Clinical Interviews u^ed in the Evaluat 
: of students^ Concept Mapping Approaches. 



.*•'• cLiving Organisms 



Energy . 



Reproduction 



•/.Respiration 



?>1 



RATING:' 



Relationships. 0 



Hierarchy 

Brailching 

General to 
Specific 



Cross Links 



0' 



0 



(Student has not identi'- ' 
fied any connections 
among the, concepts. •• 
Since these connections 
have not been explicitly 
made, no credit is given 
for the other criteriaJ 
as well.) 



Figure '19A.. Student-Gdnstructed Concept Map #1. This map is included to illustrate the 
importance of the connections among the concepts. ; Without these connections, 
no other criterion can be determined, and thus., the map receives a total score 
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RATING; 



ORGANISMS 



: Plants 






Animals • 



Food 



Energy 




Locomotion: 



Reprpduction Grovth ; Respiration Transport 



Relationships 



Hierarchy 



Branching 



General to 
fic 



Figure 19B. Student-Constructed Concept Map, #2. ■ ' ■ Cross Links ,_0_ 



_9_ (Student has identified . 
nine connections among 
>|he concepts represented' ■■ 
" on the map, and all of 
these are content correct.) 

2 {Student has. identified 
two levels of hierarchy: 
from ORGANISMS to PLANTS ■ 
and ANIMALS and ENERCY; . 
and from ENERGY to REPRO- 
DUCTION, GROlfTH, etc. ■. 
J One /point for Level 1, one ' 
point for Level. 2, for a 
, total of two points.) ■ 



(Student has branched the " 
concepts at the^two levels 
of hierarchy.. One' point for 
Level ^1, three points for ' 
Level 2, for a,, total of four 
points.)' 

(AH of the concepts and their 
levels illustrate, the general, 
to specific rule, resulting in 
five points.): : ■: 

(No cross links are indicated on 
the concept map.) 




Hierarchy 



Branching 



Locomotion • 



Life Activities : Green Plants : 



Iranfl'portation 



Production of 



Growth , Respiration Reproduction 



■Figurfi:'I9C:, , Student-Constructed Concept Map 13. 



Cross Links 



11 (Student has. Identified ; 
eleven connect roi^s among' 
the concepts represented : 
on the map, '' The GOnnSc- ■ 
, ,tion of. LOCOMOTION "fol" 
■■■'■.JRANSPORTATION^^^ 
■ , a raisconceptM. and; thus 
^ is not c&mputed in the'V : 
total.)' 

3. (Three. levels ;of hierarchy 
are identified.) .• , 



7_ (No branching at Level. 1. 
Branching is represented ' 
at , Levels 2, S^and 4. , 
v ^,; :()n^' point, for Level 2j /: 
;V;^ ''' three ^points each for ,;!;.,;;. 
;X LevelsJ-Iand 4, for a 
\ total ■of : seven points,.-)— 



meiitioned above show the,': 
general' to specific rule, 
.niis is greater than the • 
90% level, thus the map 
is awarded- five. points.) 



1 , (One cross link, 

the integration of .concepts 
■ is' represented: ANIMALS- ' 

ORGANISMS-PLANTS-LIFE 
' .ACTIVITIES.) 



• V v:-vP' ' "■ ' .■' 

EVAl^yATION OF ThI^I^ V|-f IDENTI FICATION. DEFINITial^s;; 

;AflD' EXAMPLES OF Terms ''^V^^v^^ i " i^/^^v^' ^ 

' ■ . ■ ■ / " ■ ' ■ ■ ' ^ ' '- ■ "■■ 1 

■ . ■■ : , ■' . ■ . • ■ . , ■ ■*.<%. j f 

- . This aspect of 'the eVi^lu&tion of the implementation of the. ' ' ■ 
"Learning How to Learh Program" in your'classroom is ia sirtplfe, straight- .: 
forward pencil -jiaper^^f^ Its bbjectiye^is tQ^^etesr^^^ students \ - 

can/identif/: the^^parts o^^^ "V," define;; Bach, of these terms in thei^, -/ 

own Words>;^d,' given an /e^^ 

■.■»■•■•■■* • ■. . ■ ■■\r.'' "'^f* ■• • ■ ' ■ ' " 

an '■example of:' "record," McQhc^pt\" -^^^^ claim," etc. in a labora- 

. /t^yy:exerci$e5. . The format: 'is given on the next4- two pages. 

y^^. ^ou Will, notice^' t^^ exercises. 

These are examples that we ^^h^^ use^in oiir research. For a tesjt that 

you would, devisje, one example from work previ^bu 

should be used. ; v • 



1 



ERIC 



IE: 



, "I 1' 



^: SCHDOLr 



DEFINITIpNS/iAND EXAHPLES' OF mEJERHS OF THE "v" • / - - i • 

;, ■;. ^. Instructions,: Below is an ..outline of the. "V" that we have been using iij class. As you know, there : • 

f. H. are.nine terms. -that, are us,ed Vith the T'.. „In each of the' spaces with.- a' double line (— ), fiH.in •:•■ ' 

■ ^ c the proper tera;t''and write". the def initio )^ 



. .to 

0 

>. 



"w I/) 

I/) ' ' 
P 3 ■ 

■ 3 (1) . 

• a 3 ' ^ 

rt i 

• .a . 

.,■ 0 0. 

■ 3' (fl 

H' ft ■' 

^■;H*'a"'.'' 
' > .;;0;0 
''■■.^■3-3-: '/ 
, ■ W ft • 

• 3- ft: 

■ ■0-W' ■■ 

■ ' 3 

v'V'.t 3.; :', 
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■ ':v ■v';v:'f^i;"-;v;;:;''J^ .■. 




' ' ,1' ,, 




/• ■ 'v'W?}■^^^ ' ;''-:'''vi 








... 'fe. ' : ' 




■'''r^ .r..*.' "",,'-'. , ' I . 


') 
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Instnjct^oiis: Jclow .1? nnrnmplo-of. a sifliplc laboratory exercise that h 
similar to .one" jou liavt? done Mready inf' class. Read throtiuli the cxcrciso 
Ciirt'fully,, and then identify, ^vliicli part of tli& labonitory cucrcisc is 
an ep)ii*le o7 each. of "tlib tenis around, the ''V''. 



• PROllLCM: ,1^0 variation!} exist" in the nitinber of seeds in benn pods? ' 

• IIATOROUNI): ■•Are-therc two people in your class whq look allky?; Cvcn if 

• .identical twins are present p the iinswer tj) this (|uestion will alwflys he, 
that no two people- arc exactly Mj^ Aiifi selection statcfi 'tha\ 
nil; living things show ionrc 'differ'JIitrts whcrt compared to each other. 
,Scientisls have .made the statement that ttierAis wich variation even 
amonfi llvirtR thi.ngs that are closely related|^ Sometimes tht 'varintiun 
•cjrn .be. hf lpful to li^mf; things and inay.|»ivc/ihem an advantage over 
•Wei's, V- / ' 

, WMB'IALS:.' 'l"resh bean pois (Rrccn cr Vrinj beans):- , , . ' 
■ .. • / '> ' ; 

!, Open" twenty beau pods; v • • ' " 

■ I'.. 

.2. Count 'the jiiiiiber' of bean si'ed? that you find in o^ch,, Count all si:c5 

ctfcn if .they are. sinnll,;-. \ . ■' . 

0, Write down your, results' below .using the ,lll.^rk (/) to shew thc' ntjnibcr ■ 
■ of pods havir\p thoscnanber of seeds listed, then prepare a bar jjrnph 
'■' i -afyoiirTesults. ; ' , ■ ' 

^ • ' ' - ■ .. NUMBER OF SfliDS IN ONE POD ' „ - ■ '■ 







y 






•5 ' 


.6 


7 


■8 


9 


lo; 


.ir; 


.'P:0[lsjlavinf» . 








//// 


71/1 


//// 




[ 


T 






af Seeds ■ 










//// 
















■ •^ ; .NiiiribeT.or,5ecds'in'niie-4^^^^ ' . '..M.:; , 

■■;,}■ ■ , ■ ■''■••.':i'; ■ ^ .■ f ■ 

lOTJISlON'},: B^ised on the resiihs,H>riations ih the nupiber of sHs'"'in, v 
•*'l»ean plants- docs exifvt,.- The numlier nf seeds could he feeful 
■to thc^orfjanlsm because 1 1 'p,ivej?, thcfn np advantage over -other 



figure: 20B. Two exainpLes of laboratory exercise's 
. , :^ ■ . used, to' de^ennine whether students 
? can identify exAles-.of 'terms of i 

. ■ ; i'. '^^the idiowTedge T\ \ ■ 
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INSTRlJCTIONSf Below IS an e^tample of a laboratory cxcrcise/thai'is similar to one that " 
you have already completed in class, Read throiiRli the cxernse carefully,' TTien, identify 
by iiiiderlininR or circling. that part of the- exercise that, correspnds to each of the tenas" 
around the "V", Label these parts using the of the "V", . . 



FIND OUT: 



MATERIAL?: 



FROCfiDURE; 



[l\iiiu.ch heat is -lost by hot jrqn washers, wheh they arc placed In water? • 
^ , • *•- 

llic^kinetic. molecular model state?; that the amount of hOat energy in a substance 
;,yis related to the kinetic energy of the mnlofulcs cinci the number of molecules 
. .-jn that substance, As heat is given off by a substance, the malecules i'n that 
'■'substance nove more slowly. As hejt is added/tp.n substdnre, the'mbiecules 
, .move more quickly. When two substances of different temi^cratures are brought"'* 
incar each other .or are mixed,, beat from the warmer .substance i;s given off to. 
;,the cooler ^libsCance until both sub.stanccs reach the sailfie tcnipemtjire.. Hie . 
.amount of;^heiit lost by the wanner substance is", equal to the ainount of heat . 
./'gnintd by 'the' cooler substJance. 

^ 'jMhcnnoinejer isjn inj.trlinient that measures the average speed of :the molecules' 
. ^fin a substance, To measure the amount' of heat,, a person can use' a calorimeter. 
'Basically, a calorimeter is nothing more than an insulated container with a ■ 
thermometf,r fitted into.it. The nai^e "calorinicter^VMes from tire fact that ■ 
..■.|eat is measured in calorics -.- a calorie being the'anount of heat that' will 
. . raise the temperature of one gram of water one degree Celsius. 

.■cardboard, Celsius ihermoiaeter, ring' sVjnd- and rin^j set of known/tnasscs.' 
styrofoam cups, wire gauze, iro.n w^shet^f, balancep.'bcnkcr,, string, *tongs, . 
buris^n burner, matches! 

Make a simple calorimatcir by placing one styrofoam cup inside another. Make 
a lid from 'a piece of cardbi^rd. 'Punch a bole in the lid and place the thcniio. 
■'; meter in the hole, - ' \ a 

, ..f 2. Using the balancc/.7W,^,;^^^ a\brjmcter,^ including the 

::;::' Jhi^r:momcj^i:^^^ Write l^jrmisMtljj^n'rfl^f^^ , '.v % • ' ' 

-Half fill .the. calor^ mas^. of 'ithe/u'lbi-i meter • ' 

wi'th^the w'afer'in it.''^ri;te.the iiia.ss'of^thc calorimeter and,V.itcr in in the " 
, spac&beli^wi!-^. . ' r -■.•••T-'-/ : . v' ' v''' ;. 

y .:J» Measitfc'. the temperature- afi.^^^^^^^^ the c.-jj'oriincter. '.'l^'rite .this " 

/^tefnpera.tupe as the initial t^riatUrf),of%e water|fj] in the space below.. • 

5, Tie about ;teii iron washers together>lth a piece, of string, *^feei a beaked -ji'y 
of.watcr over the bunscn^ burner. When "the water boils, place the w^ishers in 
, tjie water, te.ave them in^the yateV forscvsVal minutes. ' Tlion, using the tong'si^^ 
quickly reinovc the washwers from the beaker, and place them in tho' calorimeter, • 
. .■Observe and write down the highest tefiiperatj{r.e- reached on the.thertDoincttr ip 
. .%caioritiietcr, hYitc this temperatufe (Tjj-in the space be ' . 



AND DATA 




2/ 



7 



t.^'the foriowing) 

fliss oMhe water (M» - 

*■ 1 •• ' 

Change in Temperature (T^ - T^l 



^ fO grams 



"Calorics Gained by .the-Water. {W -,M ) x (L . T )| = calories 



JCONCUISIONS: tlie washers Io?t boat to. the water, Since" the water gaine^ 270.c'alorics of 
. heat,' the washers must have lost an oipial amount of hcat.(27n-calaries), ■ 
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ASSESSMENT OF STUDENT-G^flSTRUCTED .''V's'' 



t^Al though the title indicates tliat this evaliuatian method is — 
Intended for use in assessing student'-constructed "VVs^* , it is ; import , 
^^tarit to remember that the.^V^'- is also a pre^teaching tool, and thW ' .\ 
lias applicability there as well, * . * - - 

The. objective of ..this part of the evaluation is t6 determine how 
.good are the ''V's" t^hat students prepare. The first form 'of. the \ 
/evaluatipi) give«; -an .overal;^^ picture of the and attempts to Itfcate 
" ia^e holes in the studerits ' work. In. Qthier words, it' gives the ^ 
" teacher a large field of view so that a more general picture can be * 
determined. The second formes more comprehensive. Its function is 
to give thie teacher a closer . Look at each of the parts of the \'V"/ 
arid to assess the stijdepts' performances at developing a focu? question, 
at recogniziijg. the major event , at checking the records and transforma-i 
tionsj etc. For each of these parts of the "V" a range of scores can r 
^be assigned. The range is. constructed from zero (0) which indie af'es 
.that ther6 Has been ^nothing written for that part of the ."V^*, through 
.an optima:!- scoj:e for that parl^,,. This foi^m.cari function in two ways, 
.Firsti it can help track the progress bf a student over time-in each 
parts of th6 "V'\ The 'Progress Sheet/' .on page Vr-l? caii: fee used to 
v,'':foX^^^^^ see where' major difficulties 

^:^i^;i-s^ij'f itand^^^o teacher should concentrate in subsequent^ 



Second, the. total of all the parts of 



: ^^i^^i^i^j^^^ t s . 

; V?v the| ''V^^^^^^^^^^^ a single mark for laboratory exercises.. 

A mark is ' represented iS't^-the bottom ofvthe -"Progress Sheet." , : ' 
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GENERAL OVERVIEW: OF STUDENT-CONSTRUCTED *7«s»' '(FORM A) 

.; .This checklist gives the;^^^ general asis^ssrnent^technique 

for evaluating^ student.-constructed "V's**. As the students and the' 
^teacher^ gain more. ;pro.fic with the range and use of the "V*S ;-v? ,;r 

the teacher will p^robably; wand Jt^p;.use Forjn B on the next page. ^ 
Hqweyer; ; thisi; f^^ of initial assessment . 

Figure 21/ General AssesrsSient/.cJf^^^^^^ 



Needs 

Yes - ; . \ %o Work 



1. Does the focus question attempt to . .. 

' relate two or . ^nore concepts? . : [ ] [ ] [ ] 



^2. Does the focus question; relate ■ . • , iSn^ 
.to what agoing; tb'. occur in the; ^ 



laboratory e«;ercise? / ^- [ ] .[; ]j [' - ^ 



,3; Has the student properly * ^ . • .■ ^ 

^- / identified th§ major event? .[ . \ [ ] 'i^£>':%X^ v^ ;^ 



4, Are relevant concept identified? [ ] ■[ ;^ °] - [ J 

5, Have relevant principles and \ ^ • , 
theory been identified? [ ; ] : [. J T ^ 

6v:'Has the student made ade'quate^ ' I . * . 

repbrds and transformations? . ' [ . ] I . . ]^ ^ [ ] 

7, Is the knowledge claim clearv... •/ - * \ 

. complete,; and consistent with . ! 

the focus question? , [ ll I ] 



■ Foctis Q 



luestion: 



Vs 



.• 0 - no iocus- question i^ 'i'dentifiedv.;^^!^?^ ■ , 

• - a-(juestioh .'is- identified,, but doe^nof%iis upon 
, the objects and the .major event '.OliRe b^^^^^ 
■ . ;. ,si(}e;of.the.T.. ',,:o' \-r - J ■ , ' • „ 

^ . • 2 - a fo'cus question iS:^a(ie|tifiGd; 'incMes concepts, 
,. ' . ...but does|K)t.fuJgest oi^as or the/major e,vent OR 
:,the w'rorig':'obj^ ^ind Went are iiJentified in " 
, , .• relation to the -rest^bf the laboratory., exercise. 



•a ollar^!fi)C^- gul^tibn isi^adentified; '.incliidies 
r . concepts tVfe used.an.d suggests. the major. event ' 
■'■ ^.and accompanying 'objects.' ■ . ■ ' , , " ' 



. Qbjects/Eveiit : ' •■ . ' . • . . ' ■," 
., \'0- no/objects or event is identified. 

. '■■ i - the major event OR the-.pb jects. are, identified and ' 
'; : ■■ 'IS consistent' with the focus .question, OR an event 

. - ; and objects are identified, but are inconsistent 
■r -with the focus question. ' ' ' 

v'> 2 - the. m^ijor event wk4 acco;nppying. objects is iden-. 
tified, ahd is consistent .with the focus.; qj^st ion. 

■. -3 -.same as above, but also "suggests what records will. 
•. ;' ■ '- be taken.',. ' , ■ „ ; : 



-1- 



■ Theory, Principles, and Concepts' : .. \. 

■ O '- no coiiceptual side is identified. 

.',. ;1 - a'fe\^.;Qoncepts 'are identified, but without princir , 

pies and' theory, or -'a principle -written is the 
y / .knowledge claim sought ,;n the laboratory , exefci^e! 

■•■ . 2'- concepts and at ppast'.vpne t^vpe of -principle 

■ (conceptual or 'iiieth'6dological) OR concepts' ''and . •. 
' .. ;/a,.relevant .theo^;r^is identified; ^ 

^Jj^^entified, *OR_xbiicepi^S(.o^^^^^^ of^pi^i- ■ •■'"v 




A! 



.1 



4- -..concepts, "two' types of principles,- and- a 
. , relevant, theory are'-i.dentifiedl ■ ■ ■ 



R_ecords/Tra!isformations : '• ', ^ ' ■ , ' 

0 - no, records or i^aifefonnations -..are identi- 

. .'fied'.. .■; ■;'?^,,'. ■. ■' ' 

,1- records are identified , but are .incbhsis-.: 
•tent with the 'focus question or the 
major .event. ■ • ' '. ' , ' 

'. 2, - records Oltransfprmations are identified, 
but not' both." 



3 -■■ records are identified -for the majoi; e^ent; ■ ■ 
• transfbTinatibns are ■inconsis.tent witH..the. ' 

intent of: the focus question,,,; '/ \, . 

4 > records 'are identified -for th^- i|jpr ^eventj^^^^^ 

. ■■ transformations aYe consistent with thV&us-;^.' 
■ '■question' and the grade lever'and ability of ' ^ 
the' student. ' . ■ ■• ■■'.' ■■ 



;e Claim;' 



■ 0 - ho knowledge t'/aiiHas. identified. ■ ' ■ 

., " 1 -■ a claim .1fhat'4;iiunreiated to the left-hand ' 
\ -\ , side, of the T'.;, ; ,' ' ..' 

^ ' l I^nowiledge' Claim that includes a concept, that' 
, "is usedin an improper context .OR' any general-;,: 
, , - ization that' is inconsistent with the records '-. 
■ and trans.formahons. , 



3 - a, knowledge clail that includes the concepts ' ■' 
.froiii^the focus; quef ion and is derived, 'froiii the;'-. ^ 
..^ -recorcis and'itransfprmations...., , '--[''^f'^^^ 

.4.' .same. 'as above,, but the knowledge 'tjiim. bads ' 
-,;.• , to. .^ ;nef' focus ^question. ■ ■ ' .' ' 



Below and on the next page are three- examples of "V-'s"' for the 
, same lajboratory exercise; inyolvdng heat Ipss and lieaef gain. Each. "V" is 
qomplet-ed ' and annotated ,rto indicate what^ 



.4I 



; would ^j-eceive - based on the. criterxa--6n^page, V-I4. The mark for that 
. sectiah dppears in parehtheses at \the start oF^^ch-^ngtatiW^^ 
. pri- page V-17 these tfiree sample '^V^s^? are Tecorded on the^'StTidenr- 
Prog^ress Sheet.'' .-V .'' ■V'- / ' 'ri',: ^ 



?::\v>v.^,U... 



■. S' 



(2) Conciepts and. 
one type pf prin- 
ciple is given; 
no theory. , 



^^(11 Fbcus question f^oes , 
:^^;;n^>t focus pn maimer *e 



A thermofMter meQ^ui;e9 
the decree of ha^neBs or 
coldness In a|i object 



--i^yo. oH****" Energy, Teinpera- 
S';.';*' ture, calorimeter ■ 




(1) Knowledge, 
Claim not tiec 
left-hand vside v 



As hot vaahers are 
placed In vater, the jClailil not tied tO 
level J6f the vater ^1"®" • 



Difference in 
■ Water LeVel ? 



Level ol*: water after 
Washers put iT^ 

Level of water ,before 
Washers put In. 



'"SH) Records ; and 
rr ans formations. . 

* [lot relsited to . "T" 

the major ;evpht 
...[ind focus question 



"-c^ori^tei*^^'^^'^ ri?) • niajor^fevent is. indica:ted;. 
: * ^-f^ • ' wxil be taken. 



jnp of wftat .records 



Figure, 22A. $;^mple: V#l with'; Annotated Evaluative .Rating total of v r 

^ ' sSyen points out-of a possible eighteen. ? ' 



V-16. 



(2) no event suggested 



(3) Concepts, 
one type of 

theory 



pigLnciple;" 
a relevant ~ 



Kinetic Trteory '\ | "o" yoti, meniaure the heat lost] / Only hot washers looe^ (2) Generalisation 
. \ by. Iron washers? / / heat to water. 4 . . i_ j ▼ 

A / V _ji-s too broad. Im- 



JU-iKeit_la -form of ^ 



— ._S AMPLE "V", »2 



2. Heat Is a rieasure of 
the ndlecular sitotion 
In a aubatnn.ce^ - 



Heat, Energy, Temperature, 
(falorimeter, calorie molfe 
cule'fl ' * . ■ 





context for 



r ans fqrmaj^ 
made. :* 



-/ Temperatijirr After Washers « 
Temperature- Before Waohera -"^ 
Mass of Calorime^r , 
♦ Water. 
Mass of Calorimeter 



Calorimeter 



''J (1) No evefit fj^iVeiit; only object 
- Figure-'*22B. Sample '*V!V /f2- with a 'J;otal score of ten out of ^' possible eighteen. 
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(3) Focus question relates 
concepts ; suggest maj or event 



t)^C^ncept 
''pes of pr 
.es, and a 
mt theory 

;.ven/ v . 



Lnc 
re* 



two 
le- 



Klneti^-^eory of Matter 



Hov can you measure the heat lost IZ-Washers lost heat to 
by hot iron -washero when, they /*re/ to water. Water gained 



placed 



a calorimeter;* 



SAMPLE 



1. Heat la a form of energy. 

2. HeUt is , the measure of the 
nol^ular motion . in a 
substance^. 

3> A calorie is the amount. of 
heat needed to raise the temp- 
erature of 1.0-g water 1®C. 
Law of Conservation of Energy 

5? A thennonot'er measures the degree 

of hotness or coldiiess in a ^ub- 
■ ■"* stance. 

6. A calorimeter is an Instnjunent that 
ne/&8Ures heat, 

Mass, t'femperature, - calorie, heat,' energy, 
■calorimeter, molecular motion, thermooieter . 




calories of 4ieat 



Washers lost on equi 
omOtlht. of calojj^es as t1 



water ge^lnedi.. 




mass of water 

change in temperature 



Heat 
Gain 



(T, 



.M.«mafls of colorimeter * ^ 
wt^mass of calorimeter ♦ water « -.^ 
T, ^temperature of water In calorimeter 

Ti- 



cs) Includes 
concepts; 
answers focus 
question. 



(4) Re cords 
and trans for- 
mat ions cojn- 
j^iete; con- 
sistent with 
focus ques- 



tipn.. 



"^■highest temperature of Vater 
after hot washers were added 



-J' 



Hot waohers? piac*»d in 
water in: a calorlAeter . 
Record maaaahd change 
In temperature. 



(3) Major event .with objects; 
suggests records to be taken. 
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Figure 22C. Sample "V*'' ^^3 with a total score of seventeen out of a possible 
' : . eighteen. , . * ' ' • / • 
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.V.-J7, 



Focus Question''; 3 



Objects/Event 7 3 

■■■ . .'1 
V.0 



•XKeii^y, Prinr 
cipl0s> Con- 
cepts 

.-to-, 

■ 4- 
■ ; ■.■ ■ . a 



Records/ ..v 
Transformations* 



Knowledge 
Claim 



4 
5 
2 
.1 
0 

.4 
3 
2 
1" 

,0 

4 • 

>3 ■ 

2 

1 ' 
0 



TOTAL 
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. Figure 23. The StudeWt Progress Sheet, ^lie purpose of this sheet is to' 
provide the teacher with a quick visual overview of individual 
• student progress in relation to the parts, of ^the **V^\ The 
total score; at the^bt)ttoni provides a single defensible fating 
fbr the> student ' s laboratory exercise. 



Vrl8 



U^ING THE :y IN SEQUENCE 



This pivrt of the evaluation atte^ints to detOi?iivine if the 'knowledge- ^ 
. claijns ^ 'from pre viou^^ cxpeTimcntsv pan/ operjlte as conceptual .principles , 
■ iri'subsequent^^^^ In '^Vi^ /^l below,, the student •:pieaches. /the ' -vt' 

- claim: that carbon dioxide is giveri off J^^d^ Knowing 

. that ..the St tide use that information; as»:'.c for.; . 

'■^determining other knowledge claims about ye£L|t felinentation .^. iln ^ > i^-;/'" 

the student takes the khbWled [.'■'■- 
.and uses them as > conceptual principles for the new focus question / JEach -'"^^^^^ 
''*V*' can be evaluated on- the; basi's/.of . the criteria already icterftif iejj on " ' 
v;Rag|...V-14 in this; jiandbook. The teacher shoirld; hd^Wer^^^/cdncent^ ' . . \ 
on whether these previous knpWledge claims are being us§sd as conceptual; 
" principle's in the subsequent experir|^^s ft^* . ^ V 



9 



1% CATbon Dloxldo «lv«n /Carbon Dioxide^ ■ . 7' .V y«aflt cell fermentat WAa the temperature 

Vbff by yii^t durih^ the /la . ^ Wfected by .differencea lyincrpoaea. the rati of 

\proceaa of ' fenaenta- /yeaat during fer- . \temperature? /s fermeatation-.lncreaaea. 

\tion7 /laentatlon. « ^ v , 

^ /. . .^^ Reapiration; \ . . r , /Chart comparing color 



COg given off " \ . . : / change of Brpathymol and m 

during formanta-\ ^ • . / temperature." !1 



o 4 -«.^^n \ ^ / com^e. "before and * " tlon; Bromjihymol 

Broith™^\ ^ • Wnoloraof brom- - ; may Indlc.atp the 

Bnmthymol \ ^ /^l^^ . presence oC CO, 

can indicate the \ \_^/t;hymol 

preaence'pf CO^ 

r.^>^r^ nin^liiH \ /.Teat vlth BromthyiV>i; • ' ' ^^2" y^^J-* .'\ ../' Hecord temperatures of tests-/ 

r ?Kt;t^I^V^ ■ 7^ ■■■■'^y- ■■■ ^^^^^^^^^°^..y \ /Hecord colors^ofBrbmthymol J 

yeast, termentatlon,y . ./ r^coru « j^^^^^ . Bromth^nna^ . t^mn. A / h-r ^•rf-fn • r . ' 



(from V n) 



yeast , fermentation, V ; ^ r^curu . • . Bromth^l. W- V/^ft^r certair^^ 

Bromthymol ^.J^U \ / * ^' * " erature". ' - \/ • 

Yeast itod Molasses # . . . ^ ' • ' ' ' . same' events as " 

Solution; generate *jfX, but Under 

^ gas prodi^cod Into' ^ . ' ■ ' '. ■ \ ■ varying tempera- 

" Brpnthynol Indicator ' ,^ ■ ^ ' turea 





STUDENT CONSTRUCTS 



• . 5#f^*^ymol aa \ y ^3 /.NEEDEU) RXCHT-IIAKD SIDE 

. . V - \: ; .'Jfimicator of \ . ' /. • 

■^^'f^:*:^..: • '■i^vW/.' presence, of. CO^X ' . /i - ' • 

7^;^^::;y-v;^:;'v..-.:^ ^ ■ temperature jif^: \ ' . ^ ' .. I OP T»E "V" , 

■ iS^^' V ' • '. fects fennentatioiV i 



^)|^^4^^ea^, fenaenA . / ' Figure 24/ Sequences of Laboratory 

•''^ "^ '^^^^ \ / ' v **V's" . Showing construction of ^ 



"^'"•fe^^^ J' i^^'l^-^^ ^■ • \4i ' ''principles from previous knowledg 

-'^^J^^ ■ • ■■'^^^3:^ ''I':':-/ , -claims. " ... 
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' INTEGR/^feN OF THE. "v" ANID: CONCEPT MAPPING - / ' ^. 

" At this stage of the evaluation pf^lj^^i^ 
I strat'egies iato the . classroqni,, the siudeiit should have a firm grasp ... 

of both techniques.' What time is appropriate to integrate concept/ " 
maj^ping. .a,^;^^^ depends upon a number of conditions : ability of ' VV 

pacing :of the cl^S work/ ;,^.and ho intense tfje exposure 
: to '/tlro^e ^s^ tof* this time. However, when 

the teacher feeis tliat the students are ready; the ^integration can 
■ . ■ begin. \ .. .., ' ■•' ' ^ ' " ■■ ■ ■•■^^ 

i-^ In . our studies, one teacher eased into this integration by haying 

studeints - construct small the '*backgroun4•^ information 

of an, experiment,. * This exercise was given for" homework or' <in ' 
pre-lab .discussion. After the experiipeht was , completed, the , students, 
proceeded to construct the -'^^^^ After a few trials 

;^ with this met^^^ to take' this preliminary 

concept map and make it the left-hand side of the "V''. ;. 

Evaluation :of the intiegration, of both concept mapping and th^: "V" g; 
r^ 'i - i^^ assessment techniques already 

■^ mentioned in t'his handbook.- Here then are some general guideliheis 
\ . jas suggestions for implementing the integration:- '! 

1. When assessing a student's **V*' desiete I'Thepry, Principles, ^ 

and Concepts'Vfrom tlje ^criteria for^ eyaluating this ^'V" (page V-14). . ■ 

2. Substitute either the general, f for assessing concepF*' / 
. maps (Form A):, or the more comprehensive. (Form (BJ,.;;^^^ 

recommended that the more general' form be used at first, ^ 

* ' - . •' " ■ ."^ ."■ ' ' ' *• . ■ ■ '■ 

/ . ' . and then switch :to the more comprehensive> form, as students . 

• : ■ . .. becoWe mores, familiar with' the, integration. 

■ i n: !• 3./ If the students. have^ialready come this far with these : ■ . ,. 

.. strategies i it Is not recommended that the* teq.cher use • 
OForm A for assessing the ."y^^. Form A is ■ too ■''g(^n^ral Xo 
. ^tovide the kind of specificity that Porm B' provides ; 
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CONCEPTUAL QUESfiONS: USE OJ TH AND CONCEe>T MAPPI^ . 

'"-Xs in the previous s^efction, the^student shouW be compl^rte^^ 
familiar with the strategies of concept mapping and the Knowledge »»V**. 
This section of the handbook, attempts to suggest techniques that can 

• be .used to determine if *the strategies have had any .effect on meaningful . 
learning (Section. II) : ' ; ^ 

How »?tudent^ learn is affected . to some degree; by the- kinds, of .q^^ . 

/. tiohs which^they ant icipate/ on 'tests and quizzes.. If the students are . 
asked only questions that require rote memorization, and if they have 
experienced success by learning that way, then there will be less 
incentive for : them to-:' learn in a meaningful -fashion. ^^^^^ 

The, technique that we advocate involveis the construction of what 
can be called ''conceptual \questions . There 2|,re not what some -tpf^^^^^^^^^^^^ 
of as' ''thpught -questions'.', or "brain teasers. 'V. Answering a cbnce^¥uar -^^^^^^ 

• question requires that students employ meaningfully learned concepts, ^^^" V^^ 

■facilitated through the use of the strati^^ie:s of 'toncept liiapping and' ; 

' the Knowledge 'IV»'. 

Although it is highly improbable to devise questions that . totally . 
eliminate the rote mode of learning, it is possible and desirable to 
devise questions that minimize this factor and which are more Tcon^ucive 
to being answered by the student who has learned meaningfully^^.^^^ T^ 
kinds, of questions ;can also be used in a variety Of situations , including 
review sessions, independent study, as well a5--t€St— construction by the 

.teacher. V . " . . ■ : 

Two examples of conceptual questions which were used in our research 
are described in the next few pages. Both involved a description of an 
experimental event which, paralleled one that .the students had previously 
done in class, .and which contained concepts that the learners had/already 
encountered. The first example' illustrates how a laboratot^y exercise. 
already completed can pave the way for the construction Of a conceptual 
question. The second example relies on a different '^coT^G^eptiial system .. '^ 
(atomic theory/in this case) to offer an explanation for an event usually 
associated with electricity. Following the deiscription qf each, example., > 
the method for evaluation of the questions is given. 

, ' • ...... 



QUESTIONS : . EXAMPLE if h (THE WINEBOTTLE) 

.\ ;Thev:^^^^^^^ a method for constructing conceptual questions. 

Thi;§ ^fir^t^^^^^^ be used to iHustraLte each step of the method. 



Select "an experimental event that the students hav.e. b^en 
exposed to, and construct' a concept map for the.^l^ft-hanci 
• side of the. !*yv .-^^ not . already bqeji constructed.^ 

(See Figure 25>below.) 



. KINETIC THEORY 

.^j^ : explains 




Temperature 



Average 
•ISpeed 



■Closed 
Cont$iiner'^°^ 



Molecules 



'Gas Liquid Solid 



1 




Figure 25; 



^KipompleteV^^V*^ with Concept 
Map .for riurposes , of construc- 
ting conceptual questions ^ 



Flask With thermometer and 
tube with water droplet in- 
side. Heat in bath of hot 
water. Record" changes in 
temperature and height of 
wate^^oplet. 



2. Select another experimental event for which the ssune' concepts 
. wduld be relevant. In this exampl^- the event was capped; 
winebpttle that Va(^i)een moved fr^i t% refrigQratQ|||to a 
suntiy winyowsill. ' \ ^' - 



.' Construct a coilc'^ptual -an^ question to anticipate the 

kinds of conc^feptuai links that the students migh^ offer i^t heir 
explanations.; ^^Dissect^'Tthat explanation, pi-cking 



. . scntfciicc^^^^^^ link betw&n or, among cohqepts., 

VpT instance, your anticipated explanation might include 
siich :5entences''as: \ 

E^^k^SION IS ^ DUE TO AN^ INCREASE: IN THE DISTANCE BEWEiN • 

^ MoisEquLEs,: ' " ^ , . ■ 

HEAT IS DIRECTLY^ RELATED 1p!} THE AMOUNT OF MOTION OF filE 
MOLECULE^ IN A SUBSTANCE /'bv . " ; 

THE PRESSURE O^A:,GAS INSIDE A CLOSED CQNJ'AIN^R INCREASES ■ 
'AS ijrmT GAS IS' HEATED: ■ V- - -. 



In addition to the correct conceptual connections that s\jould 
l|?e^^a^ should also/prepare a list oj^» 

miscohceptlons,: commonly held"by. students. .. ^ 




AS~HEAT IS ADDED TO A SUBSTANCE, THE MOLE(^ULES EXPAND, 
TEMPERATURE AND [^HEAT MEASURE THE SAME THING OT 
• ' GASES A^E HOTTER' THAN SOLIDS . . :/ 

\ . * 5..' The actual test questipl^^ould include fo;ir eleittents consistent 
J. with, the information aboye: -.^ clear focus question, a major- event, 

some record of that event, and the concepts nec'essary to sort out.-;-; 
the' event ' and answer the question . Below is an e>cample of a' cpn- 
ceptiial question used in oiir' research. Please notice that all of \ 
the necessary elements are present.^ . - ,^ : \ 

DIRECTIONS: Read the paragraph below very carefully, and then do the 
the following": ' : 

-construct a concept map which includes the following" concepts : 
kine^^^ theory; heat , temperature, gas, molecules, volume, ' ■ 

.pressure, and expansion. * <^ ) : . " 

-using that conctJpt map ^. as a guide, and including as many of 
' . the concepts, into your answer* as, you can, explain why the cork . 

papped out of the bottle. , ' . . 

An empty ^wine bottle is left in the refrigerator ovenirght . In' the morning 
it is taken out; A corW* is stuck in the mouth of the bottle, and the bottle 
is left on the- windowsill where the warm rays of the Sun- can hit it. Several 
minutes latet, the cork pops right out of the bottle. 



. ■ .6. Se^^^^ kind of question is, of course, s 

/possible, but: the major elements mentioned already should be 

V included. You m^y^ for instance, decide that you do "riot want. 

^ your students to constrijpgt a concept map as part of the answer. 

Alt^iough the constructed cditcfept map njay be helpful in- indicating 

' , • areas where misconceptions exist, our research seems to demon- - ' v 

■ ■ ■ Strati that the making of^ a.vcoricept map is'ntrt^riecessarily .{v:"' 
\ •• ■ •' ^ . • T ■ '.• - \- ■ ^ ' - ..■ . 

; imperative to- .answ€^ring the :quei?tion. . ; ;^ . 

. \ ■ 7/ One final feature that our\research has 'shown to be important . . 
• ' should >f^. considered;. In our attempts ;to construct 'conceptual 

questibns^ it^ has been found thafl; he' list of concepts must ^ 
V ■ : ihcrude -on^superor^ concept under 'Which all the others V; 

c^ be .subsuihed. ^jri the '•example given above, that supero^inate. 
cpncept was .^Vkih^'tic theory.". In the next example, it. is the 
■ ^'atomic tnecyilf/'^ of the presence of the concepts 

V. :.. ^ »'electfon*V andVproton. " " . ' -^^t . j 

CONStRUCTldfijiGPl^lCEPm EXAMPLE #2 CELECTRIchV) ^ ■ .V. : - 

„•' Using the -ine^^^ in this' section^ another example oJ.g^^^ 

questidiiis was "designed dur^^^ rgs^earch. Again^ the major elements^ aire 5 

present :.;;va -clear, focus question, a m^jor event, some record of that ^yen^^^^ 
and tlie %rtcepts "neceasary for. the student to answer the question. -On the 
next page the -question that was given to the students is provided. ■ r-f}f-:r 



*This is consistent with our thesis that concept mapping is a heuristic 
device, needed.^ only to facilitate meaningful .learhing..;,, Qnce the mean.- 

■ ingful' learning, has occurred, the construction, or r|-,oonstructiOD, 
of. a concept map may not be jiecessary. V^' 
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